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PREFACE 

The purpose of this hook is to provide the stiuicnt with drtinitp romprehensive 
text and illustrations comprising the theory aud practice of luechaiucul drafting, 
which shall effectively supplement and give emphasis to the work of the teacher, 
had at ib» nme time afford complete freedom in the presentation and application 
of prindidea to meet different requirements, conditions, and individual needs. 

In view of this purpose, and for greatw convenience of reference and connected 
study of related subject-matter, the teict is presented in a progresnve series of 
topically arranged articles with appropriate eton ref««nce8. 

This arrangement is not intended, however, as a prescribed order of study 
to be rigidly adhered to, nor is the content of the text intended to supersede 
ilecessary personal instruction or thoughtful study on the part of the student. 

The book is designpfl to ho used as the teacher may determine in connection 
with his own course; to conserve the time and energy usually expended in repeti- 
tion; to secure a systematic study of such text and illustrations as relate to the 
oral presentation; and to enaiile the student to review any desired topic as 
individual need arises and to proceed with the minimum of depepdencc upon 
the teaelier. 

It is believed that the content and arrangement will be found adaptable and 
adequate wherever meohanical drafting is taught; will assist the teacher in formu- 
lating specific courses; will stimulate the interest of the student by giving a 
greater appreciation of the utility and scope of the subject; and will prove an 
efficient aid in developing a working knowledge of the elemente, principles, and 
methods of drafting as applied in general [wactice. 

The writer gratefully acknowledges his obligations to numerous engineers and 
draftsmen, and to the following directors and teachers of Boston, for many helpful 
suggestions: Mr. Arthur L. Williston, Director of Wentworth Institute; 
Mr. John C. Brodhead, Associate Director of Manual Art«; ^Ir. Edw. C. Emerson, 
Assistant Director of Manual Arts; Messrs. li. H. Knapp and E. H. Temple 
of the Mechanic Arts High School; Messrs. A. Roswal! and E. M. Longfield of the 
Boys' Industrial School; Mr. A. L. Primeau, formerly of the South Boston Pre- 
vocational Center; and Mr. R. A. Day of the Hyde Park Co-operative Classes. 
Messrs. Temple, Primeau, and Day also gave valuable assistance in the prepara- 
tbn ai the drawings. 

Lunwio Frank. 

Brookline, January, 1917. 
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ESSENTIALS OF 

MECHANICAL DRAFTING 



1. Nature and Uses of Mechanical Drafting. Mechanical drafting or 
mechanical drawing is the art of making the couveiitiunal representations used by 
enpoeere^ ardiiteetB, and inventors in woridng out and reoording the detsib of 
their oonitruetive deogns, and the means by which ideas of the exact form or 
shape, dimension, and arranprpmrnt of parts in objects of a structural charae> 
ter are universally expressed and made intelligible to others. 

Mechanical drafting enables constructive work of any kind to be carried on 
with aecuraey and economy of time and material, and takes the plaoe of lengthy 
verbal description which would fail to express with cleamefls and exactnen the 
definite information required l)y the workman. 

It will be seen from Fig. 179 that certain general peculiarities of the form and 
structure of an object may be understood from an ordinary pictorial representa- 
tion, but that a cannot i^ow the exact form, aise, and relation of all the lines 
and surfaces; hence the necessity for mcchanieal dravrings which show all hidden 
as well as visible parts of an object as they ore and not as they would appear 
to the eye. 

Medianical drafting is thus the graphic language of the constructive or 
mechanic arts, and ability to read or oomprehend mechanical drawings is of as 
great importance to the workman, builder, and manufactur( r as ability to make 
such representations i.s to the designer or draftsman; and a kno\vle(l^:e of general 
drafting principles is of value to almost ail men irrespective of their vocations. 

* Because of the exact nature of the facts which it is intended to record or convey 
the drawing is generally executed with the aid of instrumrats. 

Tlic mechanical character of the representation, together with its purpose 
and the usual means of exeeution, gives mechanical drafting its name. 

Machine drafting, archUedural drafting, and engineering drafting are specific 
applications of mechanical drafting. 

A mechanical drawing pnqierly dimensioned in figures and prepared as a 
guide in constructing the object is called a working dramng. 
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BSSENTIALS OF M£CHANICAL DRAFTING 



2. Geometric Terms, Definitions, etc. Geomftry U the science which 
descrihoa the definite figures (forms or phapps) upon which all objects however 
complex are based, and the principles and methods by which these figures may be 
measured and graphically oonstructed. 

Geometry is thus fundamental in meehanieal drafting and in all the con- 
structive arts. 

The terms defined in this chapter are commonly involved in both. 



(a) CiBNBKAi. DBFmmoim. A pliyaieal Mlid or matcml object occupies a certain portjon of 

space and has yliiipe, si»e, weight, color, etc. Geometry is concerned simjily witli tlic .slmpe and 
•ise of the space which a phyaical solid ocxntpiee or ia oonceivied to occupy; hence — a ^ometric aoltd 
IB a limited portion of apace. 

AiK;Ii(I has iU»u ii.<ions or extent in threo principal directions at tislkt ^* toeaah cttMr; naoMljr, 
length, breadih (or width), and thickness {height, aiiitwk, or (iepU^), 

Tbe boundaries of a eoBd an oaUed mirfaeet. 

A surface has only two ditncnHions: length and breadth (ortndth). 
The boundariea of a surface are colled linea. 
Alinehasonly ooedimeiuion; length. 

The limita or ends of a line are called pointt, 
A point has position but no dimension. 

Fojnts, lines, and surfaM* may be eooBidflrad aa upait front » aolid, or M eombinad in any «on- 
cei vahle figure ; also a Una may be imaciiwd as gfuerated by a paiiit> a smfaee by a Itne^ and a solid 

by a surface, in motion. 

SimSiut figwtt are those baviog the same shape; cquiralent figunt those having the same aise; 
•nd equal or congruent figurts, those having the same shape and size. 

A figure that lies wholly in one phine is a pbifMjiirurs. (See Art. (h).) A figure whose lires are 
atraitfit is wcti Mn sar; one whosa Iim «t« curved is atmlmaar. 

The oris ofajifun is m sL line vlikh passes tlma^ its osnter, and about tAidi it ia^ymmetrieal 
or balanced. 

An axiB ttfrmitatan is a st. Yton about whidi a figure is revolved. 

When two linen, two surfaees, or a line and a surface meet or eross they are said tO iMUnttt OT 
aut each other and the pt. or line in which th^ intersect is their intef^ectioiu 

A Htedaf is a pt., Kne, or plane wbieh divides a figure into 
m^^^^ FlO* I two equal ])arts, that b, hisccts it. To trued is to divide into 

three equal ports; to quadristxt, into four equal par(«. 




riG 4 




Fio,6 



(b) LnoiE. A strattia m.ritM Um has the same direction 

throughout. Fig. 1. 

A curved line or curve is one no part of which is straight. 

r iG. 3 Pig. 2. 

A ret^rtad twnt is one vImso direotaon of curvntuie diaagBS. 

Fig. 3. 

A jbrwontot Ihm is one that is levd throogliottt. Jn dnMr> 
Fig. 5 mg, the term is applied to m at. line dmim fron left to ri^nty 
without slant. Fig. 1. 

A wrtioal Kiw is one that is iqpright or plumb. In drawing^ 
the term is np!)Hed to a St. line drawn fiom bottom to top» iritis 
out slant. Fig. i. 

An oUtfue Un» is one that slaata. Fig. 6. 
Two lines having the sanoe rsIfttiVB direction are parallel to 
each other. Ibey are Uie same disUnoe apart throughout. 
Fig.fi. 
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Two at. iiam which extend from the same pt. or which would intersect U aitwidad, aie nad to be 
at on mtglt with CMsb other (Fig. 7), and are perpendtevlor, or Mtque, to Mwh other uoeat^Sag » 
the included / is a right Z or an oblique Z . See Art. (c). 

Two eiirveei or a at. line and a eurre, are (an0«n( to each other when they touoh in but one pt. 
and eannot mteraeet. Hie pt. m the point of tangenqf. Figis. 11(a), 12, 14. 

All ordinau or offaet ia tfao ± dirtaoo* of a pt. from * given at. line, «r plana, of nfrana. ApI, 
etc, Fig. 10$. 

GhOfittMfn MB oadiBataa of tiio aamo pi., mmmd || to two^ or ^tam, ontuaUy JL Knee, or 
litanM^ofrefecenee. <VO, COi, (M>. Fit IIS. 




(c) Angles. These definitions refer to plane Z.a only. 

An angle is the opeaing between two st. lines, called thf mkn of the an^e, which extend from 
a pt. called the oertex. BAG, Fig. 7. An angle may be eonaidered ae genentwl by a at. line ravoived 
about one of its ends. 

The size of an angle dependa upon the relative direction of the sides and not upon their length. 
When the sides extend in opposite directions, so as to lie in the same st. line, the Z is a gtraight angle. 
When the directions are such that the Zs formed by extending the sides beyond the vertex are 
equal, each Z is a right angU. A ri^t Z is equal to half a at. Z . Fig. 8. 

.\n Z less than a right Z is an acute angle (Fig. 7); one greater than a right Z and less than a 
St. Z i3 an obtiue angle (Fig. 9); one greater than a st. Z and leaa than two st. Zs is a refiex an{^. 
Note that two .st. Hues extending from a pt. always form two Za, aa Za and Zb, Fig^ 9. 

Angles other than right and straight Zs are oblique ongiet. 

Two Z s ha\ang the same vertex and a common side between them are adjacent angles. DCF 
end FCE, Fig. 10. 

When two st. linea inteceect, the opposite or non-adjaoent Ze are equal and are oalled atriieti 
ongle^. GCD and FCE, eko Zs DCF and ECG, Fig. 10. 




An angle is aaid to be meaaured by an arc, described from its vert«x as center and included by ita 
aidea. Theunitof measure is an angle whose arc ia a degree (t^s of a droumferenco : . (See Art. (d).) 
Thus a St. Z is om of 1S0°, a right Z one of 90°, and the whole angular apMe about a pt. in a plane 
equals 360°. Sec i ig 10. 

Lines can bo drawn in four directions from a given pt., ftt the same given Z with a given line; 
thus in Fig. 10, C-D, C-E, C-F, and C-G each make aa Z of 30° with A-A. Each of these linee makea 
two Zs with the hor. A-A and two with the vert. B-B. Thus C-D makea Zs of 160** and 30" with 
A»A, and eo* and lao* irith B-B. 
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In ppeaking nf tho Zs foiroed by two lines, the lessor is flic one usually DAmed, and, unless other- 
wise stated, a line at 16°, 30®, 45", etc., ia understood to mean 15", 30*, 45°, etc., with the hor. directioa. 

(d) CuRviLWEAR FirrHKs. A rirdc* ia a plans figurn hounded bya curve calladite dnumfatace, 
all pts> of which are equidistant from a pt. within called the eenUr. Fig. 11(a). 
Any port ol a eircunifeieiice u an arc. 

A St. line intersecting a circular «urva ia two pla. is a MOOR^ F'O. A It. liiie joininK two pfa. 

ia the curve is a chord, H-I, A-B. 

A chord throui^ the oenter is a dkmder, 

A straight line from the rsntpr to the nirvp is a radius, C-A, C-D, 
A tegment is a portion of a O bounded by an arc and its chord. 
A segment equal to half a O is a aemicirtW. 
A sector is a portion of a O boundorl by an am and two radtL 
A sector equal to one-fourth of a 0 ijs a quadmnl*. 

An Z formed by two chords from the same pt. is aa liMerfb«i(mfle. Fig. 11(b). An angle ia 

inscribed in a segment wlieu hs sides join the ends of tlie arc. 
The Z included by two radii is a central angle. 







J ( 




(a) 


rio. 11 





Fig. 13 





Fig. 14 



The circumference of a O is conceived to contain 360 equal parts called degrees (360°), eacli< 
60 eqiud juirls vnWctl minutes (00'), and each minute 60 equal parts called seconds (00"). 

A St. tangent is X lo a rad. at the pt. of tangency. J-K, Fig. 11(a). The pt. of tangency of two 
circular curves ie in their line of centers. Fig. 13, 

Two circles or arcs h.'^i\ inf» the same center are coneeatric. Fig. 13(a). 

Two circltas uui }ia\ the same center are eccenlric when one is within the other. Fig. 13(b). 
AneSjpM* is a plane figure bounded by a curve called its circutnference, the sum of the distaooei 
of ever>' pt. of which, from two pts. within, called the foeuaet or /oet, is constant. Fig. 14. 
A pt. midway between the foci is colled the center. 
A St. line joining any two pts. in the curve is a ekenf. 
A chortl tlironp;h the center is a diameter. 

A diam. cuuUiining the foci and center is the long or major axis. A diam. A. to the major axis, 
is the short or minor aria. The major and minor aMs are the loogiest and sbortssfc diameters of the 

ellippe and bisect each other at the center. 

A St. line from either focus to any pt. in the curve is a focal radius. 
Hie sum of the focal radii of any pt. is equal to the major axis. 

A St. tanf^nt bisects the Z between one focal rad. and the other extended at the \>t. of taagew^. 
When one diani. is || to the tangents at the ends of another, the diams. are cwjnijutc to each other. 



•Tbe tensa " circle." " Mmidret*." " quadrant, " und " ellipse " are alao used to denote merely the curve. 
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(e) PoLTWw. Thp?e dcfinlfionfl refer to plane polvRons only. 

A polygon ia a piano figure bounded by st. lines called it« aidet. The mim of the sides ia the 
perimeter; the Zs fomMd by tlM wIm are the emgtm; and the 'nrtieee of tbe Z.B,ib»vertiee$ ot the 

polygon Fig? 15-30. 

A polygon is equUaleral when all of its sides are equal (Figs. 15, 24, 27); equiangular when all its 
Zs are equal (Fig. 2i);r<gwfcrwhattboih«iMitot<r»laiidequui«guhur (Fiigii.l5,2a,2frao);oth<rwiBe, 

it is irrnjular. 

The bant, of a jjolygon ia the side upon which it is supposed to rest. In general any side may be 
considered as the base. 

The altitude: h the J. distance between the beae^ or base «ctended, aod the farthecmoit vertex 

or side. A-ii in Figs, 15, 17, 19, 23, 20. 

A diagonal is a st. line joining any two aoiMOiiiBecutive 

vertices. A-B, Fig. 21; A-B .and A-C, Fig. 29. 

A polygon is inscnUd in a G when all its sides are chords 
of the 0, and cifcumscribf l .ihout a O whca alt its sides are 
tangents of the O. AI.^(i the O i--* cirrurnsrrihed about the 
inscribed polygon and in.srril>ed in the circurascribeU polygon. 

Fig. 28. 

The center of a regular polygoii is the eanter of the inscribed 

or circumscribed 0 . 

The rad. of t ho in.scribed O is the apeAsM^ and the xad. of 
the circumscribed G the railiu.t of the polygon. Fig. 28. 

In a regular polygoi^ nf an even number of sides the diameter 
of the inscribed O i-^ nfton called the short dtam«ter, and that of 

the circuroprribe*! G the ln>i{/ (linrm^t-er of the jjolygon. 

The sum of the Zs of any polygon is equal to two right 
Zs (180*)i taken as many ttmes leas two as the igoie has aides. 
See Fig. 20. 

The Z included by the nulii to the ends of any side of 
a reguhr polygon is called the at th» emitr. It is eqttal to 
360" divided hy the- ntiml)er of t-iles. FIr. 30. 

A polygon of three sides is a iriangki of four, a quadrHaUral; 
of fLy% a pcRlnfoa; of aix, a kaagoi^ of seven, a Acfifiwon; «f 
eighty an ecfcvon; of nme, a nmagai^ of ten, a dteogion. 



Fio. 15 



Fig. 16 



Fie. 17 




Fig. 19 




Fig. 20 



(f) ThiAiraLEB. TVtanc^ are daaalfied aeeordi&K to relative 

length of sides; as njuUaleral, isoiceles, and scalene. 

An egvilateral triangU has all sides equal; it is also equi- 
anguhr. Fig. 15. 

An isosceles triangle has two aides equal; two Zs are also 
equal Fig. 16. The equal sides are usually called the sides, and the other side, the i 

A scalene triangle has no two sides equal; it» are also unequal. Fig. 17. 

Triangles are classifiwl according to kind of Z .*; .is right, obtttse, and acute. 

A A is a rif^ briaaa^ when one is a right Z. Fig. 18. The side opposite the li^t Z is 
called the hyptOemm, the others are usually called the tiidet. 

A A is an obtuse triangle when one Z is obtuse. Fig. 19. 

A A is an acute trion^ when all Zs are acute. Fig. 20(a). 

The £ opposite the 1»8e of a A ia called the serlez an^rfe, and its vertex, the iwrfw of the trian^. 



(g) QDAnROiAnBALs. A paraUsfofrom is a quadtiUteral whoae opposite sides are ||. Figs. 
21-34. 

A reetangle is a right-angled parallelogram. FSgp. 21, 22. 
A tquare is an equilateral rectangle. Fig. 22. 

A leetaai^ whose <q)poBite sides only are equal is often called an oblong. Fig. 21. 
A rhambotd is an obliqoe-anglsd parallelogram. Figs. 23, 24. 
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A rhombus is an equilateral rhomboid. Hg. 24. 

The Bde ii to tlie bssB of a panUelognm i* oaHed tiw vppv boM, Hm otiwr is the Unm btm. 
A tntpmiid is a quadnhtsral ivliioh has two sides oaiy [|. Fig. 2S. panOel side* an ^ 

upper and Unoer b<uet. 

A IrajMcutm is a qoadrUateral wbieh has no two sides ||. Fig. 20. 

(h) RrnFACK.'i. A plane mufam or ^Um» is a aarfaoe siidh tiiat a st. line thfoiigh any two pts. in 

it lies wboUy in tbo surface. 

A «wmi mirfim u one no part of wUali is plane. If a semieireular are be revolved about ita 

chord, it ^ill genrrate a spheric svrfttce Fip. 4fi. 

A St. line which moves || to its first position and constantly touches a fixed curve not in the plane 
of theBoe!, wiOgeiMniteaoiiijndriesw^iiw. Fig. S9. 

A moving st. linp whirh constanflj- intprsrrts n fixrd curve and passes through a fixed pt. not in 
the plane of the curt'e will generate a conic surface. The fixed pt. is its vertex. Fig. 43. 

Curved Burfaees generated St. Unes are tin^ie cvrwed cw/ooes. The genevatiag line in any of 

ite positions is rjillrd nn clement, 

A warped surface is one of single curvature in which no two consecutive elements are |t or inter- 
secting. A in !F1g. ISS, 

A dovbU curved surface is one generated by a ciirvn of whidi no two OOUNOUtive positiona are 
II; ae the surface of a sphere, ellipsoid, etc Figs. 46, 47. 

A curved sorfaee genemted by the revoktion of a lin* shout an axis is cslM 
as a right circular cylindric or com'c surface, etc. Figji. 39, 43, 40, 47. Bach pt. of the generating 
line describes a O whoee plane is J. to the axis. 

A plane soifaoe is AerAoRlot when it is level thront^baut; wmHeal when ± to a bor. pfaoie; MSqm 
when nrither hor. nor vert. 

Two surfaces, or a line and a surface, are paralld when they are the same distance apart throughout. 

Two plane surfaoes whieb extend from the sane st. line or wbioh would intOMOt if extended, an 
said to Hn tit nn angle with each other: and arc psfpsiwljinilar, or eUitui^ toeaeh Other aooordillg as 
the included Z is a right or an obUque dihedraL 

A Hhtini we dSkadni onffe is the opening between two planes ealled the/oose of the angle, whieh 
intersect in a st. line called its edgt. 

A dihedral is uieasurixl by the plane Z formed by two st. lines, one in each face and X to the 
edge at the aame pt. 
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A dihodra! is right, acutr, or ofitu-ite afcording as its nicjisiire is a right, acute, or obtuse jilano Z. 

A St. line ami a phnie are J. to eacli other when the line id J. to everj' st. line through it« foot 
or pt. of intersection with the plane. 

The Z a line makes with a ])lane is the Z which it makes with a line in the phne pwwing 
through its foot and the foot of a ± from any other pt. in the line. 

A plane and a curved surface, or two cur\'ed surfaces, are tangent when they toudi in but €oa pt. 
or in one line, ami cannot intrrspcl , Tlio pt . or line is the point or Hue of (angmnj. 

A St. line or curve and a curved surface, or a curve and plane, are tangent when they touch in 
but oiM pt. and oannot inteneet. 

(i) SoLiM. The boM is the ptaaaamfaoe of diaacdid upon whiflh it is supposed to rnt. 

TIk' mtit'ide is the ± distanee between the phne of the ham and thn farthermost vertex or part. 

A plinth is a prism, or ctyliods', whose altitude is its least Figs. 33, 42. 

A plane aeeHen is the figure foimed by tiie in tor section of a solid witji a plane passing through it. 

A solid of reroluHon is one which may be generated by a plane surface revolving about an axis. 

A solid bounded by plane aurlaees ie ealkd a poijfiu^ron. ligi. 31-3& The bounding surfaces 
aie facet; the interseotion of its faces, the sd^; and the y er ti e e s of thefaoes, themrtteasof tlie 
polyhedron. 

A dia^ima^ of a polyliednmis a st. line joining any two vertices not in the same face, as A-B, Fig. 
81(a). 




Fig. 31 Fig. 32 Fig. 33 Fig 34 Fig. 35 



0) Pbibmb. a prim is a polyhedron bounded by two equal pobrgooa osUed its bases, and by 

three or more parallelograms called its JaUral faces. The interseetioaB Of its lafteEBl feoeo are ito 
lateral edgea; the others are its bate edget. Figs. 31, 32, 33, 35. 
PrisDM are nanud from their bases; as MaavHlor, 191^ 

A prism whose bise oenters lie in a X to its baeso is a firtan. Fjga 81-33. AH others are 

obUquie. Fig. 35. 

A nfiytar pritm is a ri|^ prism whose bases are regular polygons. Its lateral Hmso are equal 

reetanKlcs. 

A cube is a regular prism whose six faces are equal squares. Fig. 32. 
An^AtseelKNiof aprismisaaeetioik X to its htenl edges. 

A trunrntrd ])ritm is the portion of a prism induded between a base and a eeotioii obliqiue to the 

base. Fig. 34. • • 

(k) Ptbaioob. a pyramid is a polyhedron bounded by a jwlygon ralle<l its base, and three OT 
more As called its lateral faces, meeting in a common pt. called the i>ertex of the pyramid. 

The interaeetion of its lateral faces are its lateral edget; thaothen are ite base ed^. Figs. 30^37. 

Pyramids are named from their bases; as triangtdar, square, etc. 

A pyramid wboee vertex hea in a ± to the center of ita baae is a right pi/ramid. Fig. 36. All 

Others are eW^. Fig. 37. 

A regular pyrmtid is a ri^t pyramid whose base ie a tegular polygon. Ita hteral faoes are 

eqtial As. 

The altitude of a lateral face of a tegular pyramid is the slant height of the pyramid. C-B, Fig. 36. 

A truncated pyramid is the portion of n pyramid incIudiHl between the ba.ie and any plane section. 
Figs. 38(a) and (b). When the section is |J to the base, the included portion is afrtulum of a pyramid. 
Fig. 88(a). 
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(I) CrT.r>a>ERS. A cylinder is a solid hounded by a closed cyUndrie aurfaoe called the lateral 
lurface, and two {| plane surfaces called its Uuea. Figa. 39, 40, 42. 

Acy]iiidariBiiMD0df!romitabM;Mdir«iilar,«O^ TIm terms *'HfM," "oSKgiw," and 
"fmncoM" aiiplir to a cgrUndMr as to a priim. 










0 














3 






Fig. 39 



Fig. 40 




Fig. 38 



Pig. 41 Fic 42 



A right circular cylinder may be generated by the revolutiun uf a rectangle about one of its sides. 
Fig. 30. 

Ar^pMseeMiMof aqduBderisaaeetioii ± to ita ekoMnta. 

(m) CSoNEs. A cone is a solid bounded by a dosed oooio suifaoe called tba lateral tuifaee,aitd 
a plane surface called its beue. Figs. 43, 44. 

A cone is named from its base; as orctt^or, e{fip<ic, etc. The terms "n'y/i/," " Mique," "truncated," 
and "frwslutn " apply to a oona aa to a pyramid. 

A right circular cone may be generated by the revolution of a right A about one of its sides. Fig. 
43. The length of an clement of a right circular cone is the detnU hetfM- 

(n) A Spbsrb is a solid bounded by a clucied spheric surface every point of which is equidistant 
from a pt. ifitliiii called the emlar. Fig. 46. A it. ttoa bom tho center to tlw aurCaoe is a toifac; 
a It. linietlirau^ the eenter and tanninated at eadi end by the luxfaBe it a d ta m tUr. 

B 




Fig. 43 



Fig. 44 



Fig. 45 



Fic. 47 



A sjihorc may ho fcciierattNl hy tlic r('\<)]ution of a .st inicin io ahout its diam. 
A plane section through the center is a great circle qf the aphere. Any others are atnaU circlet tff 
Iheephen. 

Any grwit O divides a spliorc into twp equal parl.s called hemispheres. 

A epheroid (dlipaoid) is a solid which may be generated by the revolution of an ellipse about 
atther Ha kng or abort diam. Fig. 47. 
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(o) Areas and Volumes. The number cf a gfomctrin magnitudd Mnteins • gjVRl unit 

of measure of the same kind ia the nunieric measure of the ma^tude. 

The ratio of two magnitucteB is the quotimt of ibtir ttumerio meawfM, ex p n aa o d in teimat of the 
aaine unit. Thus flic nCn of 2" to ?/' in !, or 2 : 3. 

The expreiisioQ of the equahty of two ratios in called a proportion. As |— f. Kead 2 is to 3 
w 4 IB to 6. The quantitiee eomparad are aM to be in profwrtton or pnparltonal, and are called 
the terms. Thr first and Ifist trrnjs are the exlremes and the middle terms, the means. In any 
j>ro|>orlioa the product of the cxtremea equals the product of the meam; heaoe, if three termu are 
given, the fourth nay be found. 

The area irf a autfaoe ia ita meaeuie expnaaed in aome unit of aurf ae^ as ft aquare inch, square 
foot, etc. 

The area (A) of a paralMogram ia equal to the product of Ita baae (b) and altitude (a). A^ba. 

The an'a nf a squnrr- is eqii.-il to thn squnrc of one of its sides (s). A^i*. 
The length of the side is equal to the square root of the area, a = A, 
Th e lengt h of the di^nal (4) is equal to the square root of 2 times the square of the aide. 
d=»'2X8'' or d=8V 2. 1 2=^1.414). 

Tlie area (A) of a A ia equal to f the product of its base (b) and altitude (a). A = ^ ba. 
The altitude (a) of an eqiuUrteral A k equal to i the]iroduet of the aide (a) and the square root 



The hypotenuse (h) of a right Ais aqnal to the aquare mot of the sum of the squares of tlie other 



The area of a trapezoid ia equal to i the product of its altitude (a) and the sum of ita baseu (b) 
and(b'). A-la(b+b'). 

Any polygon may be dividad into Aa. tlie area of the polygon ia eqnal to the aum of the areas 
of its As. 

The length of the dreumference (c) of a O ia equal (very nearly) to 8.141A times the length of 

the diameter (d). 3.141fi is designated by the Grork loiter (pi), c = ird or 2)ir. 
The area of a O is equal to ^ times the square of its rad. (r). A » nr*. 
The voIiisM of a aolid ia ita maaaure oxpre a ood in aomeunit of volume, as a cubic ineh, oubie foot, 

etc. 

The volume (V) of a cube is equal to the cube of ita edge (fi) or tliirtl power of it.s dimension. 
V- a». 

The volume of a piiam, or qrlinder, is equal to the product of its base (b) and altitude (a). 

V = ba. 

The lateral area (1) of a prism, or cylinder, fe equal to the produot of a kteral edge or ctonent 

(e), and the perimeter (p) or rimimfprrTiro fr'*, nf n right section. I = ep, or 1 = ec. 

The volume of a pjTaaiid, or cone, is equal to i t he product of ita base and altitude. V ™^ba. 

The lateral area of a regular pyramid, or right circular cone, is equal to \ the produet of its slant 
height (s) and the perimeter, or circumference, of its base. 1= Jsp, or 1= §sc = ;tts. 

The area of the surface (s) of a sphere is equal to the product of tlie circumference of a great 
O and it s diam. (d), that ia, 2inx], and ia equivalent to the area of 4 great Q», a— 4Rt*. 

The voltime of a sphere is equal to the product of 'I of its rad. and the area of its surface^ that k, 
^r X — t^i*. V = iJrr« or i«d». 



of 8. a 



»2L£. (✓3-1,782). 



two sides (b) and (c) . h = V b* -f c*. 
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Decimal Equivalents of Fractions of an Inch 
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3. General Instructioas for Working Out Problems, lii the solution of 
graphic problems clear mental images of tbe formB to be represented, definite 
ideas of the purpose of the drawings, and the orderly application of Aippropriate 

principles and working mrthods, are fundament n.1. 

Habits of accuracii, (lu:i-o}igknrs,<^, and matness should be cultivated from the 
outset as the essentials of good workmanship. The value of the work lies not 
in the completed drawings, but in the knowledge and ability acquired by the 
student through his own efforts in solving problems and in striving to attain 
ma.<^tcr^' of the ])rincip]r<; and methods which will enable him to represent any 
form whether real or imaginary. 

Upon the presentation of a problem the student should first form a 
definite idea of what is regutred, the eonditiona and principles involved, and the 
metltod of eoiiBtruction to be employed. He should then start the drawing, 
beginning uitli the parts that are "knmni or given. These will suggpst other 
parts. It is not necessary to imagine the complete solution before beginning 
to draw. 

Test and correct each stage of the solution before proceeding with the next. 
Upon the completion the student should make a brief notebook summary for 

future reference. 

For use of instruments and materials, sec Chap. IT. 

For general instructions in penciling and hnish rendering, see Chap. 111. 

(a) Qbokbtbic Consvbtjction Shiokis. Chap. IV. Unless otherwise 

dirertcd .solve problems by practical methods w henover such are known or pven. 
Within reasonable limits prove or test the eonstruetions by genmetric unthada, 
using compasses and one triangle only; and retain all working hnes. Make 
constructions as large as practicable to insure greater accuracy, and extend the 
working lines beyond the pts. as shown in the figures. 

To avoid impairing the accuracy of the constructions, it is recommended that 
they be left in pencil. 

(b) Obtboorafhig Projection Shkktb. Chaps. V-VIII. Locate first the traces 
of the planes, or equivalent lines of reference (base or C Ls.). Then proceed 

to determine the views, beginning in general with that viinv or part about which 
most is kno;\n; in the case of an object, for exniuph?, th(> view which will show 
the largest numl>er of the lines and surfaces of the object in their exact form and 
dimension. Instead of completing the views separately it is usually desirable 
to carry along the view s of cm responding parts at the same time. Unless other- 
wise directed use practical rather than geometric metliods for tlie constructions, 
and obtain the solutions by the aid of dimensioned freehand sketches from objects. 
See Art. 104. 

To detvmine the positions of the lines and surfaces more readily, number or 
lettv each pt. lightly as located, marking the corresponding views to indicate 

that they represcMit the same pt. of the object. Tn 1ocatin<; ]:)ositions of centers 
or other imjHu rant pt>., small freehand Os may be penciletl alumt them. When 
the drawing has been approved, these notation marks and Gs should be erased. 
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(c) IsoMBTBio AKO Obliqub Projcction Shbktb. Chap. IX. Locate firet 
the axes, or reference UneSi then loeate the main lines or suffaces of the object. 
Gradually work from tbeae to the moxe important detaOs, then proceed to the 

smaller detail?. 

Obtain the dimensions from objects; exact orthographic views; working 
drawing; or from dimensioned sketches in orthographic, isometric, or oblique 
projection, as may be directed, 

(d) Working Drawings. Chap. X. Locate first the main C.Ls. of the 
views according to the layout sketch (Art. 105 (a)), then locate the main lin#5 or 
surfaces of the object, sa indicated in Fig. 209 (a), beginning with the view about 
which most is known, as in Art. (b). 

Proceed in like manner with the more important modifications or details 
of the main body fFip. 209 (b))and from these work down to the smaller details. 
Next, add the dimension and extension lines, arrowheads, figures, and lettering. 
Fig. 209 (c), (d). Finally indicate the section tines. Do not try to complete 
the views separately. Within practical limits those of corresponding parts 
should be carried along at the same time. Use practical methods for the con- 
structions whenever adequate. 

Obtain the working data from dimensioned sketches made from objects, or 
as directed. 

For methods of representing the commoner forms of bolts, screws, etc., see 

Chap. XI. For tables of sizes, and the construction and proportions of other 
machine details, see manufacturers' catalo^is. books on nuuhine design, and 
engineers' handbooks. For sizes, etc., of detailsj ot wood construction, see books 
on joinwy,* etc. 
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mSTKUMEliTS, If ATBRIALS, ASD THEIR ITSS 

4. List of Equipment. The instruments and materials ordinftrily needed 

are enumerated in the following. A good equipment is indispensable to good 
work. If not furnished by the school, it8 selection should be intrusted to an 
experienced draftsman. 

Set of Instruments, con^jisting of Compaasea 5)" (joint in both legs preferred), with Lead Holder, 
Pen, and Lengthening Bar a.ttachmeQtfi; Ruling Pen, medium; Dividers, 5"; Bow Pencil; Bow 
Pen; and Bow Dividers. 

Leads, grade 4H, for compaases and bow p^cil. 

Drawing Board, 18" x 24", is suitable for most work. 

T-square, fixed bead, blade slightly longer than board. 

Triangles, one 45", 7", and one 30° x 60°, 9" (ceUuloid preferred). 

Scale, 12", flat, both edges divided into full sLie mehes, halves, 4tlis, 8ths, and IStliB, and the 
first inch, or first and last, into 32ds. 

Or, a 12" architect's tnaagular scale: one edge divided into full size inches and fraetaoiu, to 
16ths, and the others to scales of 3", li", 1", I", i", |", i", i", and A" to 1 foot. 

(The fl*t wala is reoomiiMiided if aealm of fnO, iialf, qimtflr, ei(^th| and suttMnth aaei only 
are to be lued.) 

Curve Sulan, one or two, similar to thoae shown in Figs. 66, 67 (celluloid preferred). 
Drawteg Pencils, one hard, grade 40^ SELf <>r one medium hard, grade H or 2H. 

Eras^, one soft rubber for pencil eraflmg and one hard rubber for ink erasing. 
Needle-point, a fine needle inaerted in a wooden handle about 31" long, for use in fixing pts. 
Tacks, 1 oz. copper, or small thumb^ada, for fastening paper to board. 
Tack-dtivet. A email acrew-driver pound to . a thin edgB and alighiljr bent at the end will be 
auitable. 

Knife, for pencil sharpening (one with broad blade preferred). 

Lead-pointer, a atrip of No. i sandpaper or No. 120 emeiy dothi about i"x4", glued upon 

a flat st rip of wood. 

Penholder and Writing Pens, for lettering, etc (Tapering handle with cork grip preferred.) 
I^ns abould be medium and coarse. 

Penwiper, a piece of cloth or wadi leather. 

Drawing Ink, one bottle waterproof black; writing ink is unsuitable. 

Drawing Paper, hard and tough, with a surface not easily roughened by erasures. For sketches 
a sof t«r paper is desirable. Avoid rolling the paper. Sises in coounon use are 18" x 24", 12" x 18" 
and 9" x 12"; also 15" x 22", and 11" x 15". 

Portfolio or Binding Cover, to hold paper and drawings. 

Notebook Cover, with loose sheets, about V* x V. 

Cloths, a white Cotton dioth about 14" x 20", hemmed, to place matsrials upon; a pkMe of cloth 
or wash leather for wiping instruments; and a small dusting cJoth. 
Box, to hold t he pencils, erasers, cloths, and other small articles. 

5. Care and Arrangement of Equipment. Next in importance to having 
good instruments and materials is the necessity of handling them properly, 
keeping them clean, in good workmg condition, and in convenient, orderly arrange- 
ment. 

IS 
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Keep the fingers clean, and the table and materials free from dust. The 
T-square and triangles especially will need frequent wiping. A paper or cloth may 
be fastened over a part of the drawing to protect it while working on other parte. 

Keep inetrumwt ease, haXf and locker doaed; and the ink bottle in the Btaiid» 
with stopper in plarc. 

The instruments must always be carefully wiped, and properly replaced in 
the case when through working. 

Never permit ink to dry in the pens, or upon any part of the equipment. 

Take every precaution to insure against injury to the points, shanks, etc., of the 
instniments; and the edges of the scale, board, T-square, triangles, and curve 
rulers. 

Adjustments of joint-screws in compasses and dividers should be made by 
the instructor, unless otherwise directed. 

Inaccuracy, injury, or loss of any part of the equipment should be reported 

immediately. 

The table should be so ])lac'ed that the light comes from tlie left* and, if 
pogwible, adjusted to such ii height that the student may stand while at work. 

6. Drawmg Board. The drawing board provides a flat surface upon which 
to secure the paper, and a st. edge against whidi to guide the head of the T-square. 

Either short edge may be selected for this 
purpose, but the board must be placed so 
that this edge will be at the left*, and no 
other ufied aa a guiding edge in elemen> 
tary work. See Fig. 48. 

For convaoience in working and to 
insure firmness and freedom in the use of 
T-square and triangles, the paper should 
be placed about 3" from the left* and 
lower edges of the b<Hurd. 

Square the paper with the board by 
Uning up one of it^ edges against the ruling 
edpe of the T-square. Art. 7. 
Insert tacks about A" from each corner, pressing the paper as flat as possible 
with the hand; then witH thumb or taek-drivw force the heads flush with the 
paper, so that they will not interfere with the use of the T-square, etc. Always 
remove T-square from board when using taek-dviver, and avoid marring the 
board. 

After paper is fastened, the board may be inclined by means of a book or 
block under its farther edge, so that all parts of the drawing may be more nearly 
at the same distance from the eyes. 

Keep paper secured to the board until drawing is completed. If removed 
before, it should be refitted bj' inserting a tack in one of its upper corners and 
hning up the most important horizontal of the drawing against the T-square. 

7. T-square. The T-square is used with its head against the left edge of 
the board. Fig. 48. Hie upper edge of the blade in this position is the ruling 

nntlib and ■mihr wwUiib dfraetioiii, IrftJiHidad itwleatejiMy xmi **ti^** in plaoe of *'Uft.'^ 
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edge lor all bor. lines, and guide for the triangles 
when drawing Hnes at eertain Za. Never uae the 

lower edge of the blade as this would lead to errors 
difficult to trace. As thn A of the head and blade 
in different T-squares is apt to vary, the same T- 
aquare should be used until the drawing is com- 
pleted. 

(a) To DRAW A HORIZONTAL THBOUOH A GIVEN 

POINT. Slide the head along the guiding edge of 
board until the ruUng edge passes through the given 
pt. For preparation and nae of pencil, see Art. 0> Move T-aquare by the head 
only, and while drawing the line keep bead and blade securely in position by 
sli(lint( the fingers of tbe left hand along the blade and pressing towards the right. 
Fig. 48. 

8. Triangles. The trinnples (Fig. 49) are used as rulers for lines at Zs 
with, the hor. direction. The ruling edg^ of the 45° triangle form an Z of 90* 
and two of 45** each. Those of the 30" x 60" triangle form an Z of 90°, one of 
30% and one of 60*. 

(a) To DRAW A LINE AT AN 

ANGLE OF 30'', 60^, 45°, OR 90°. 

Fiaec one edge of the correspond- 
ing 30°, 60°, 45°, or 90* Z of the 
triangle against the T-square and 
guide the pencil along the othtf 
edge of the Z. Hold T-square 
and triangle hrmty in position with 
left hand. Fig. 50. When the 
line to be drawn is longw than 
the edge, slide the T-square until 
the required length is obtained. 

Avoid ruling near the corners, as they are apt to be rounded; thus, in drawing 
a. line, say at 90* with a given hor., place the T-square a little below the hor. as 
shown. Never rule against- the inner edges. 

(b) To DRAW A LINE AT AN ANGLB 09 76* OR 

15°. Combine the triangles and T-square as in 
Fig. 51. The 30° Z added to one of 46'' gives 
an of 75*. By reversing the upper triangle as 
shown by dotted lines, one of its edges will be at 
16*. By placing the 60* angle against one of 46% a 
line at 75° or 15° in the opposite direction may be 
obtained. 

(c) To naAW a fasallbl to ant oivsn 
unh.* Combine the triangles with an edge of one 
(see dotted tiian^e»Fig. 62) to coincide with the 

*When the liivcn lin.j is lior.. or at 30°, 60", 1.')°, !>0°, 75", or lo" with the hor. dveetion^ tll« 
T-8quare, or triaDgle and T-square combiaHtion;a, would ordinarily be used. 




Fio 50 
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given line A-B; then, holding the second securely, 
dide the first until the edge which oriiimally oo- 

incided with A-B isin the required position C-D. 

(d) To DRAW A LINE AT 30% 60% 46% 90% 76% 
OR 15'' WITH ANY GlVEii LINE.* 

For 30% 60% 4$% or 90°, Fig. 63. Combine the 
teianglee with an edge of one 1| to the pveai line 

A-B, as in (c). Then holding this triangle securely, 
shift the second, placing it against the I[ edge of 
the first, so that one of its edges makes the re- 
jg » ^~-*<l quired Z with A-B. 

f for W»«>rW%Fig.64. It is evident that after 

the second triangle has been placed against the || 
edge of the Rrst, the first in turn must be shifted to 
give the required Z. 

9. Pencils and Writing Pens. Th'^ hnrd 
pencil is used for ruling lines against the T-square, 
triangles, and curve rulers; the medium pencil for 
all freehand penciling, lettering, etc., and the pens 
for inking frpehaiul lines, lettering, etc. 

(a) To SHARPEN THE PENCILS. Sharpen the 
end not bearing the grade stamp. Hold the inner 
aide of both wxiats firmly against the body, with 
the knife blade nearly flat against the upper side 

of the penril and its rutting edge to the right. 
Cut with an outw.ard wrist movement, remo\'ing 
the wood in long thin shavings, tapering it evenly 
down to but not cutting the lead, and so thafabout 
f " of the latter is exposed. Elg. 55. This method 
gives greater eontrol of the knife and lessens the liability of soiling the fingers. The 
lead shouhi be [jointed Ity means of a leaibpointer. Hold jtointer in the left hand, 
away from the table, and the pencil so that the entire length of lead will be tapered. 

Taper the lead of the freehand pencil to a fairly sharp pt. by rubbing it back 
and forth, at the same time ndling the pencil between thumb and fingers. Fig. (a), 

Tiir- lead of the rnling pencil should lie tapered 
to a sliarji conic ]ir., or to a wedge ])t., as the in- 
structor directs. The wedge pt. (Fig. h) retains its 
sharpness longer and fits more dosefy against the 
ruhng edge. It is obtained by first tapering the 
lead slightly as for the freehand pt., and then 
rubbing the lead upon o]ii>osite sides to form a 
short, sharp edge at the end. 

Rub the leads frequently to keep them in 
proper condition. 

nvhiii the fiivfii line is hor., or :it ;io', fio", 45°, 90°, 7.5°, or 1 5° wit h tlas boT. direction, the 
T-equare, or triangle and T-aqtUire combiuations, would ordinarily be uaed. 




Fio 54 




fiQ, 55 
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(b) Use of the Freehand Pencil. Hold 
pnicil lightly, about 1| inches from the point. 
The relation of the pencil to the line, and the 
direction of the stroke, should usually be as in- 
dicated in Fig. 5f3. Face the paper squarely and 
avoid turning it while drawing. 

All lines should be dnttvn with as few strokes 
as possible. 

Draw lightly at first and correct any portion 
by drawing a Sfcond line before erasing. Finally 
atrengthen the line to make it clear and even. 
Fkactioe in arm and finger moTments before 
drawing will aid in acquiring necessary » freedom. 

(c) Ubb of the Ruling Pencib;^ Hord pen- 
cil as nearly upright as possible, with f?at side of 
lead against the ruling edge. Steady pencil in 
this position by resting the tip of the third or 
fourth finger upon the ruler. Fig. 48. This per- 
mits the edge of the lead to wear evenly and give 
uniform lines. Bear lightlyj^much pressure will 
dull the lead too rapidly, make uneven lin^, or 
form depresfflons which cannot be ^ased. The 
result should be very fine, clear lines. 

The pencil should always be moved from left to right, the student turning his 
body or the board when necei^sary, that he may face the ruling edge squarely 
and do this more readily. Thus in drawing verts, face to the left, and draw 
away from the T-square. (See Fig. 50.) If ruled against a ri^t-hand edge, the- 
TpeadX is apt to i^de away froiji the ruler and cause a break in the line. Watch 
the point constantly as it is moved along. Never rule a line in a shadow, and 
never rule backward over a line. 

In drawing parallels move the riuer from one position to the other in such 
manner that the preceding line and epaea will not be covered. Thus, in drawing 
II hors., move Tnsquare downwarcte; in || verts., move triant^e to the right. 

(d) Usn OF Writing Pens. Handle the pen the same as freehand pencil. 
Use little ink and aim to pernre uniform, 
even lines. Exercise special care i ti work- 
ing over lines to avoid injuring the paper. 

10. JNeedle-point. The needle-point 
is used to set off distances from the sealc, 
and to fix pts. of line intersections which 
might otherwise be erased or lost. Hold 
needle \ipright and make the smallest 
puncture that can be seen. 



Fig 56 



(9) 



11. Scales. The scale is used 
setting off measurements. It must never 



^^^^^^ 
vei Cb) Fig 



Fig. 57 
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be us(h1 uh a ruler for drawing lines. The scales shown in Fig. 57 are graduated 
as described in Art. 4. 

(a) When the drawing is made so that each inch or fraction of an inch of 
measureinent upon it is equal to the corresponding measurement on the object 
itselff the drawing is said to be /uU wse or to a scale of lH" to afoot. 




Fig. 58 



When for ronvenionoe or nocosHity thn drawing is made smaller or larger 
than full size each unit (if measurement is made smaller or larger in proportion, — 
thus when drawn, say half sige or 6" to afoot, each half inch on the drairing repre- 
sents one inch on the object; each quartw inch a half, and so on. 

Full size measurements are obtained from a scale graduated to full case inches 
and fractions. 

Half size measurements are usually obtained from a full size scale by 
simply reading each half inch on the scale as one inch, eadi qoarter inch as » 
half, etc Quarter, eighth, and azteenth sise can be obtained in like manner, 

or from scales graduated to 3", 1)", and f" to 1 
ft. respectively. 

In scales graduated to feet and inches the fii'st unit, 
when large enough, is divided to represent inches and 
fractions. For example, in the scale of 1|" to 1 ft. 
the first imit is divided into 12 eighth-inch parts to 
represent inches, and each of these subdivided to repre>* 
sent halves and 4ths. Fig. 57 (b). 

When lOths, 20ths, 80tiis, etc., of an Inch are required, 
an engineer's or decimal scale is nsed. Any desired scale 
may be drawn by division of a line into the required pro- 
portional parts. See Art. 30. 

For method of determining the size or scale to be used, 
see Ari 100(c). 

(b) To 8BT OFP A •MBASURXICBlfT (SS Say 2|")> 

Apply the scale directly to the line, with the "0" division 
exactly at the end of the line, and the needle-point at the 
2i" division. To set off, say 2 ft. and 2^", place the di- 
vision representing 21" at one end of the line and a pt. at 
that representing 2 ft. 

Never teansfer measurements from the scale with 
compasses or dividers. Successive measurements on a 
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line should, eo far u posmble, be set off viihout nhiftfng the scale, so that an 
error in one distanoe may not affect all. 

12. Protxactor. A Protiactor (Fig. 58) is a scale used in laying off and 
measuring Zs. Its measuring edge is graduated to degrees and fractions (usually 
to half degrees), and the degrees numbered to read from 0 to ISO" in bqth direc- 
tions. 

(a) To DRAW A LUfS AT ANT OIYBN ANQLB WITH A GIVEN LINE (say 40°). 

Place the protractor with its 180* line <M> against the g^vea line A-B and center 
C at the given vertex A. Now place a pt., D, at the 40* mark. Remove the 
protractor and draw A-D, the required line. 

13. Compaaaes. The compass set (Fig. 59) is used for drawing circular 

eurves. The needle should first be adjusted as follows: — Release clamp screw 
A, and remove the lead hnfrJer. Insert the pen in place of the latter, and clamp 
securely. Then set the needle so that the point of its shouldered end will be even 
with the pen point. Once set, the needle should not be changed. The lead 
only will need resetting, as it wears away. 

(a) To PKErARB THE COMPASSES FOTl PENCILING. 

Place a 411 compass lead, about 1" long, in the holder, 
and taper it as directed for the ruhng pencil. Refit 
the holder and adjust the lead to the length of the 
needle, with its edge so placed that a fine, even line 
will result wlieii the compasses are revolved. 

1 1)) T(j DitA.w A CIRCLE, Open the compasses and 
adjust the legs at the joints so that both lead and 
needle will be at right Zs to the paper while drawing. 
This is necessary to prevent the lead from wearing un- 
evenly and the needle from digging into the paper. 
The puncture should be bareh^ visible. 

Hold the compasses by the handle only, with thumb and first two fingers 
(see Fig. 60) and always revolve it around to the ri^t (clockwise). Bearing 
li^tly and evenly upon the lead point, draw the curve with one continuous 
motion, stopping exactly at tlie end of the revolution to avoid wideninp; the line. 

In drawing a G or are of given rad., first set off the rad. upon a C.L., and, in 
placing the compass point at tiie center, steady the needle with a finger of the 
left hand. 

Changea of rad. should be made, so far as posnUe, with the light hand only, 

and care taken not to enlarge the center. 

(c) To INK ciRCLK.s AND fjiRcuLAH AHCS. Insert the pen and clamp it 
securely. Clean, fill, and set the pen, as directed in Art. 17(a). Open compasses 
to the rad. of the penciled curve and adjust the legs, as directed in (b). To give 
dean-cut lines, both blades must bear evenly upon the paper. The directions 
for penciUng apply also to inking. Before placing the pen point npon the curve, 
the compasses should first be revolved over the line, in space, to make sure that 
the inked hne will pass exactly through the desired pts. Errors caused by euiaige- 
ment of centers may thus be avoided. Do not go over a line a second time. 
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ri6. 61 



Fio 62 



M) Lenotiientng ]?ar. When the rad. too groat to admit of placing the 
points J. to tlie j)ai)f'r. the lead or ]ien leg should be extended by means of the 
lengthening bur. In thin case, tlie needle leg may be steadied with the left hand 
and the dravring point moved with the other, care bang taken not to change the rad. 

14. Bow Compasset. The bow pencil (Fig. 
61) and how pm (Fig. 62)' are used for drawing 

small Os and arcs for which the large com- 
passes are not convenient. Do not use them 
for radii over |". The directions for prepar- 
ing and uetng the , bow oompasBes are much 
the aame as fc/r the large eompaaaes. The 
needle must project slightly beyond the pen or 
lead point, and the load be tapored more nearly 
to a pt. To euable the points to be brought 
cloee together, the needle is generally flattened 
on its inner nde. The rad. is adjusted by 
turning the thumb-nut on the connecting bar. 

Before turnin<;. spring the points togrtfiorso 
that the wear of the screw thread may be 
lessened and the adjustment made more readily. 

IS. Dividers. The dividers or spacers (Fig. 63) are used for transferring 
measurements from one part of a drawing to another, and for setting off equal 
distances on a line when they eaniwt readily be laid off by means of the scale.- 

Handle the dividers in the same general w.iy as the compasses. 

In some dividers one leg i.s furnished with a hairspring and nut by 
means of which this leg may be moved for slight changes of adjustment. 

(a) To DIVIDB A STRAIGHT UNB • OR A CIRCULAR CURVE QiTO 

ANT NUMBER OF EQUAL PARTS (say 3). Open tlie dividers tO a dis- 
tance equal (by eye) tolof the line to be dix idcd, [jlace one of its points 
ujjon the end of the line and revolve the dividers until the other point 
is exactly on the line. Proceed in this manner, revolving alternately 
in opposite directions, until the distance taken has been set off three 
times. Never remove both points at the same time. If the distanci* 
taken does not apply e.xuLtly it must be inereaspd or diminisliod by 
an amount equal to i of the ditlerence, and the trial repeated until the 
liuc is equally divided. No pts. should be made visible until the 
divisions have hem vorified as correct. 

16. Bow IMvidera. Fig. 64. These are used for small distanoes, 
and in the same general manner as the large dividers. Thepoints are 
adjusted as directed for bow compasses, Art. 14. 

17. Ruling Pen. The ruling pen (Fig. 65) is used for inking all 

Y lines other than circular curves, 
(a) To FILL AN D CLEAN THE PEN. Before fiUing the pen, moisten 
a folded end of the penwiper and drasr it gently between the blades. 
Fig. 63 When clean and dry bring the blades together at the point by means 
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Fig. 65 



of the thumb-srrow: tlieii holding the pen tipripht, 
not over the drawing, insert the ink between the 
blades with the filler. Do not fill above I" from 
the point, otherwise the ink will flow out too freely. 
See also that there is no ink on the otttside of the 
point, as this will widen the line, inako it ragged, or 
cause a blot. Rejilace the stopper immediately to 
prevent the ink from thickening. 

Having filled the pen, set the blades to the re- 
quired width of line. Always try the i^en on a piece 
of waste paper liefore usinij it on the (trawin^. To 
in.sure its flowing ireeiy, tiie amount of iyk in the i)en 
must be kept as nearly as possible the sAme. Avoid 
having to piece out a line. As the ink djgies rapidly, 
the pen must be cleaned and rolled frequently. In 
doinjz; this, it is not neeefjsnry to open wlie hlades. 
The setting: shouKl remain unchanget! unlil all lines of the same 
width are inked. If the pen fails to wiJik, iL bhould be sharpened 
by an experienced person. Never put the pen aside without care- 
fully cleaning it. 

ill) To RUT-K A LINK. Hold and steady the pen as direeted 
for the pencil (Art. 9 (c)), the t\rt^\ finder resting on the fiat side of 
the pen above the thumb-screw and tlie H^coml against the edges of 
the blades as ^own in Fig. 50. 

Adjustments for width are made with thumb and second finger of the sui i 1 md. 

Cuard apainst getting the pen point too close to the ruling edge by placing 
the latter sUjihtly away from the line, as shown. A slight downward pressure 
only should be necese<ary, but tlie points of both blades must bear evenly upon 
the paper to give a clean-cut line. Bma li^Uy apinst the ruling 
edge to prevent varying t he width of the line, ^^wayssllady the 
hand, and move (he pen from left to rifAtt as direeted for penciling. 
Just before reaching the end of the line .'^top the arm movement 
and complete the line with a hnger moveuient, then lift the pen 
immediatdy and move the ruling edge away from the line. 

In ruling curves, turn the pen gradually so that the blades will 
not be at an Z with the ruling edge* Art. 18. Never use the ruling 
pen freehand. 

18. Curve Rulers. The^e are used for nilinn evirve.s that 
cannot be drawn with the compasses. They are made in various 
shapes and sises. Two of the most servioeable are shown in 
Figs. 66, 67. 

fa) To itrT.E A CURVE, ABC. Fig. 67. First sketch the 
curve lightly with freehand peneil, throufrh previously determined 
pts. Now find, by trial, a portion of tlie ruler which will fit as 
much of the curve as can be ruled conveniiently at onetime, as A«B, 
and true up that part by tracing over it with the ruling praeil. Fift. 66 
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Match succeeding parts in the same uianner, making the edge fit over a portion 
of each preceding part to insure an even, unbroken line. The freehand penciling 
(diould not be omitted, as tiie tenden<gr would be to make the ruled line curve out 
too much or too litfle. Having trued the line, rub the soft rubber Hghtly over it. 

In inking the curve, use the ruling pen as described in Art. 17(b). In ruling 
curves symmetrical about one or more axes, as ellipses, helices, etc., the portion 
of the ruler used for one part should be luited and used for corresponding parts. 
Sharp turns at ends of axes should first be drawn by means of compasssB, the 
centers bang tak^ in the axes and care taken to use the propw rad. and length 
of arc. 

(b) Non-circular curves may often be approximated throughout by tangent 
arcs. Thus, in inking the curve shown by the fine line in Fig. 68, beginning say 
at A, determine by trial the center and rad. of as much of an arc as will practically 
coincide with the curve. Ink this arc; then, changing the center and rad., ink 
the next portion; note that the centos must be on the line through the pt. of 
tangeucy. 




19. Erasers, (a) The sojt rubber is used for pencil erasing and paper 
deaning. Keep paper as dean as possible from the start. (See Art. 5.) The 
softest rubber is liable to roughen the paper, making it difficult to keep clean 

and to obtain sharp lines. In removing a line, rub lengthwise. Avoid much 
pressure and always remove dust before proceeding with drawing. When a 
drawing is finished in ink, the eraser may, if necessary, be passed hghtly over the 
entire surfage, care being taken to avoid dulling the lines. 

(b) Hie hard rrMer is used for ink erasing. The part to be removed should 
first be allowed to dry. Care must be taken not to injure the surface. Never 
use a knife. If the surface is roughened by erasing, smooth it as well as possible 
with the finger nail. A thin card or piece of celluloid with narrow openings can 
be used to protect adjacent parts when erssing. 
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20* Layout of the Sheet, (a) Margin Lines. To improve the general 

appearance of the drawin^j and to insure kccpinji; all line? and figures a safe distance 
from the edges of the sheet, it i*-- cusiomary to rule border lines with uniforiu 
marginal spaces at top, bottom, and sides. See Fig. 69. 

Assuming the paper to be ll"xl5", the required border 10"xl3|", and 
marginal spaces i", proceed to lay out the border and trim Unes as follows: 
Having tacked the paper to the boiird (Art H) setoff two pt«. near the left edge, 

and lOJ" respectively, above the lower edge, Art. 11. Through tiiese pts. 
draw light horizontals across the sheet, Art. 7. On the lower hor., set off a pt. 
y* from the left edge; |" from this place a second; 13^" from the second, a 
third; and from tliat a fourth. Through these pts., draw the 90° lines 
(vertirnls), Art, 8. Test distances between verts. at the top and hors. at the 
right with the scale. 




Fie. 69 



When the sheet is completed and removed from the board, the \" strips con- 
taining the tack holes are to be cut off, thus leaving the sheet 11" x 14^". 

Location of Name, Title, etc. On elementary dr;twinjjs these may 
be lettered as shown. For titles, etc., on working drawings, see Art. 102. For 
ittstructiona iti lettering, see Art. 25. 

21. Constructive Stage of the Drawing. All lines should be penciled tir.it 
in uniform, fine full lines, as indicated in Fig. 209(a), (b), (c). Then, to avoid 
errors in the finishing Stage (Art. 22), lines representing edges and outlines of the 
object should be gone over with a slightly firmer pressure, and the hidden parts 



Digitized by Google 



21 



ESSENTIALS OF MECHikNICAL DRAFTING 



I 



dasbed as in Ftg.(d). The general order of penciling different kinds of drawinga 
is indicated in Art. 3. 

To avoid the iiecpssify of jnecing; out, make the liiiPP first of iiulffinitc length. 
Be sure that all measiireniouts are set off upon definite lines and that linc-^ inf ended 
to pass through particular pts. actually do so. No part of the |)eucuuig should 
be dieted. Inaecurades can seldom be corrected in the prooess of finishing. 
Aim to do no erasing until the penciling is completed. 

To secure greater accuracy and economy of time, similar operations sliould 
V»e grouped. Thus, draw all lines that can be ruled with the T-square and triangles 
in one position at the same time, and |ls of one set before commencing those of 
another. When using the scale or divideis, set off all distances posdble at onoe. 
When using the oompasses work the diroular curves in the same way, drawing 
thosr having the same rad. at one setting of the instniment, etc. As st. lines 
can he drawn tangent to curves more accurately than the reverse, pencil the curves 
first whenever possible. 

To enable the method of procedure to be readily followed, all lines used in 
making the drawing should be left upon the sheet until it has been approved. 

22. Finishing Stage of the Dxawiiq^. For greater distinctness and per^ 

manence the drawing is usually lined-in or finished with ink, either by going over 
the lines on the original or by making a tracing as in Art. 106. Drawings not 
intended for continued use or of which no copies are needed are often finished in 
pencil. 

Do not commence the finishing stage until the constructive stage is completed 

and approved. See that the drawing surface if fre e from dust. 

(a) Inkinc. Be careful to make sharp, even lint*s, and see that all Imes 
begin and end exactly where it is intended that they should. To j)revent lines 
running together at their intersection, see that the first is thoroughly dry before 
inking the second. Do not use a blotter. 

(b) Finishing in Pencil. If the drawing is to be finished in pencil, the aim 
should be to secure as nearly as possible the accuracy and distinctness of an inked 
drawing. The medium penc-ii should be used, at least for strengthening object 
lines. In finishing dashed lines it is not necessary to erase lines of the construetive 
stage between dashes as they will not be prominent 11 the finish lines are properly 
emphasized. 

fc) Line Conventions. The ditiorent jnirposes of the lines of the drawing 
are indicated by varying their character, width, or color. The conventions shown 
in Fig. 70 are commonly used on drawings finished wholly in black ink or in 
pencil, for the purposes stated below. They are suitable in width, length of 
dash, etc., for ordinary drawings. 

A — Visible lines of ohjcrfs in all required views* ax'l frfge^t in derelaprr)Cf}f!<. 

B — Hidden lines vj objects in all required views. As a rule end dashes should 
toudi the limiting lines. 

C — VitiJde Une» of objects in auxiliary views used in determining required viewa. 
What aux. views show viidble lines only, tiiey may be finished as constructkm Unes. 

*Whrri ph.'i'Jow or sharJc linos art- i!st-r!, sh;u!cthn riin.'cH prln;f»f! ns rnch ia liiMd-ill. (Sm Aft. 
23(c).) St. shadow liaes are left in pencil uotil all but the bonier ia finished. 
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D- — Hidden Jiru's of objects in auTib'nry vieirs vsed in determining required views. 
— .Traces of projection, section, and base planes; cetUer lines, and axes. Dashes 
of aectioa traces, center lines and axes diwild eoctend about |" beyond the view 
or part on which they are drawn. 

F — Construction (working) lines required to show method of construclion; pro- 
jectors, and fx/f /i.cjon lineft. Dashes of extension lines should not touch lines 
of views, and should extend about beyond arrowheads of dimeniiiou lines. 

G — Dimension UneSf and pointers, 

H— fireafe Unes. Same as edges, etc., but should be drawn frediand. 

I — Arrowheads, figures, notes, titles, etc. These should be penciled frediand, 
and in inked drawings always finished in Itlack. See Fig. 74. 
J — Section lining. Same as C, or as in Fig. 187. 
K — Line cftadtng. As in Art. 24. 

Ij— Straight shadow and shade Unes of aU required views, and herder Unes» 

Red ink. In inked dra\sdngs, the use of full red lines lor all lines under C, E, 
F, and G, atnl dasIuH! red for thnsr> under D is more economical of time and makes 



the required views more prominent. 

A ' Width 2 

B . - 2 

C ' I 

Q I 

E I 

F I 

G U ^3^^' -I I 

Fig. 70 



(d) Ordbb of FtNiSHiNO. It is detdrable to complete all lines and parts of 

similar character before proceeding witli tliose of another, in ihv ^(meral order 
indicated in Art.(c), in observing which, similar operations should be grouped 
m in (lie following: — 

Circles and arcs, beginning with the smallest; non-circular curves; horizontals, 
beginning with those at the top; verHcala, beginning with those at the left; obliques, 
beginning with those obtainable by T-^uare and triani^e combinations. 

Do not use a triangle alone, unless necessnry. 

In finishing l)reak lines, arrowheads, figures, and notes, etc., work from upper 
part of sheet downward. 

23. Shadow Lining. In practical drawings, visible edges and outlines of 
objects are generally indicated by full lines of uniform width. It is sometimes 
desirable, however, to finish certain lines wider than the others for the purpose of 
giving an appearance of reUef to the drawing and to indicate the relative poeitioDS 
of the surfaces more clearly. 
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(a) If a cube placed as in I"ig. 71(a) be lighted by \\ rays coming over the 
left shoulder, in the direction of diagonal A-B, it is evident that the upper, left, 
and front faces will be in the light, the others in the shade. 

Lines separating light from dark surfaces are called shade Knea. The visible 
phade lines of the cube will, tlierefore, he the lower and right lines in the front view, 
and the upper and right lines in the top view, and may be indicated by broad 
lines as shown. 

AsBuming the same direction for the light, the visible shade lines in all 
rectangular objects and parts, whose axes are || or ± to the planes of the views, 

would have the same peneral locations as in the cube. In such rases the shade 
lines can usually be determined liy eye. The determination of the actual shade 
lines in all cases, however, would involve considerable time and labor, and their 
locations would frequently be sueh as to complicate the drawing rather than 
aid in explaining the form of the object; hence it is customary to disregard the 
actual ^hade.'S and shadows and to apply the Ijroad lines in such manner that 
they will indicate edges separating visible from hidden surfaces only, and so as 
to produce an effect of narrow shadows cast by the object. 

It Is convenient to re^rd these lines as ehadow Une» rather than as shade lines. 

To further simplify the application, most draftsmen shade or shadow-line 
all views the same as the front. 

The aid given by such lines in reading a drawing will be apparent from the 
figures. 

The directions for this conventionsl method may be stated as follows: — 

(b) Shadow-line 1 1 )wer and rii^t lines of intersection between visible and 
hidden surfaces in all views, regardless of tlie acttial sliades or shathjws of the 
object. This includes both sharp and shghtly roundi d edges. Lines not repre- 
senting such edges are generally shadow-lined only when surfaces extend back 
from them at right Zs to the plane of the drawing, in ordw to indicate more 
clearly that they do not represent edges. A sectional view is generally sli ad>>\v- 
Uned just as if the portion shown were complete. Lines representing broken 
surfaces are preferably not shadow-hned. Never shadow-line the line of inter- 
section between visible surfaces, nor dashed lines. 

(c) To sBADow-UNi A i>BAwiNO. In determining the shadow lines remember 
that the rays of light will be at 46* down to the rig^t in all views and that all 
views are shadow-linerl in the same manner. Limiting rays may be penciled as 
shown. Each edge to be shadow -lined should be indicated l)y a mark upon the 
line before inking is begun. Drawings are never shadow-lined in pencil. 

Straight Line*. A st. shadow line ^^oiild be ruled the required width (3) at 
one stroke of the ruling pen, and its width added on the outside of the pen- 
cil line. 

Circuliir Ci/rrrs. First ink the curve in the usual manner (width 2). Then 
taking a second center below and to the right of the iu»t, on a 4o° line, at a dis- 
tance equal to width 3 and without change of rad. or setting of pen, draw an arc 
on the outside or inside of the first curve according to the required location of 
the shadow portion. (See Fig. 71 (h').) If an uninked portion remains between 
the arcs, spring the instrument sUgbtly to fill in. 
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Irregular Curves. First ink the wiriest portion; then with the nilillg pen Bet 

to width 2, blend this carefully into the rest of the curve. 

24. Line Shading. This is a conventional method of producing an effect 
of li^lit ^h;iile, corresponding to that upon the object itself by means of lines, 
Uiiuully ui graded widths and spacing. Fig. 72. It is used on drawing? intended 
for illustrative purposes and in cases where it is necessary to indicate the direction 
of certain surfaces more dearly than would be possible by the mere outline or by 
shadow Unes. 




(a) The direction of the light is assumed as for shadow-lining (Art. 23); the 
same for all views. The right and lower sides are, therefore, the dark sides on 
eonvex surfaces and the left and upper on concave surfaces. In regular curved 
nirfaccs the darkest portion is about | of the rad. from the center. It may be 
afrnrately determined as shown in top view of Fig. fa). The ppacinp may be 
indicated in pencil, as below Fig.(a). Shade first the dark portion, beginning 
at about ^ of the rad. from the center. Use fine lines only on the light side, 
somewhat farther apart than <hi the dark, and stop at about } of the rad. from 
theoenter. On small parts shade dark side only. (See Fig.(g).) Figs, (a) and (i) 
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flliutTate methods of dbadiiig fiDets, beads, etc., on laige drawings; FigB.(e), 

(f), (g), for small drawings. The shading of conic surfaces by 1| lines, as shown, 
is less difficult and generally more satisfactory than by radial lines. When 
desirable to shade plane surfaces, the method in Fig.(d) may be used. 

25. Lettering. The names, titles, notes, and dimensions required on drawings 
should be careiuUy lettered ia even, weil-propurtiuned, and well-spaced characters. 

The styles shown in Fig. 73 are those most generally used. 

The inclined GSothio diffm from the vertieal only in the slant. The vertieal 
is sometimes chosen for titles and heading and the inclined for notes and dimen- 
sions. A uniform style for all lettering is more common. 

The capitals may be used with or without lower-case (small) letters, or with small 
capitals in place of the latter. Titles and headings are usually more satisfactory 
if all capitals are used, while notes are more easily read if composed of capitals 
and lowerHiase bfcters. 

(a) Proportions. The character, proportions, and relations of the ele- 
ments composing the letters and numerals? should ])e carefully noted and fixed 
in mind. £xajuiQation of the vertical Gothic will show that W is the widest 
diaraoter, M next, and A, V, and 4 next; that I, J, and 1 are narrowest; and that 
the others are nearly equal in width to letter O. For general purposes this 
width should be from } to | of the height. These variations are designed to 
overcome the appearance of inequality which would rejjult if all were made equal 
when used in words. For hke reason A is extended slightly above the other 
letters and T below. The curves of C, G, J, 0, Q, S, V, 2, 3, 5, 6, 8, and d also 
extend edlightly beyond. To avoid the effect of top-heaviness the upper part of 
B, C, E, G, K, R, S, X, Z, 2, 3, 5, 6, and 8 is slightly narrower than the lower, 
and certain parts in B, E, F, H, R, S, X, 3, 5. 6, and 8 come slightly above the 
middle, while iu A, G, K, P, Y, 4, and 9, they come below. All curves are elliptic. 

In practice the variations in height and width noted above should be estimated 
by eye. 

The body of the lower-case letters should be f or f of the initial capitals. 
The sizes of fetters and numerals generally suitaMe are indicated in Fig. 74. 

(b) Spacing, The spaces between letters vary in shape with each difTerent 
combination. In order to make these spaces appear equal in size and thus avoid 
the effect of crowding or isolating letters, it is necessary to increase the spaces 
in certain cases and decrease them in others. Thus, considering the vertieal 
cai»tals, the spaces of I should be considerably greater than ctf other letters, 
especially when parts of adjoining letters are || to it. In letters whose sides are 
curved as in O, C, D, etc., it is generally necessary to decrease the space. This is 
also true of letters having oblique sides as in A, V, etc., and letters having a 
greater space at one or both stdes as in L, J, P, T, etc. 

The simplest method of obtaining good spacing is to sketdi the words lightly 
and study the effect. 

The space between words should be about 1^ times the width of letter O; 
that between sentences in line about three O's; and that between || lines of letter- 
ing about equal to the height of the shortest letters in either. 



Digitized by Google 



80 



ESSENTIAUS OF MECIIANICAT. DRAFTING 



(p) Penciling. In penciling titles, etc., and notes, rule only the hor. guide 
lines, an<J a few vert, or slant lines to preserve the correct positions. For method 
of planning a title see Art. 102(c). In dimenaioning drawings esthnate the 
h«|^t8 of the numerak by eye. 

Draw all characters freehand, using a fairly sharp pencil point. Art. 9. 

before lettering a drawing, the style to he used should be practiced until 
it can be done reasonably well. Unless otherwise directed, begin with the vertical 
capitals, observing the order given by the nuntbere below them; then practice 
word-combinations; then the figures. 

Place Fig. 73 close to the work and analyze each character. A convenient 
order for drawing the strokes is indicated by the arrows. To determine the proper 
proportions and spacing, first point the forms and sketch lightly the main hnes. 

Bear in mind that the value of the practice is in the carefulness and not in the 
amount. Do not mix the styles. 

((]) Inking. Use the medium-point writinu; ])en for ?mall letters and 
figures, and the coarse pen for large letters, etc. The width of the lines should 
be uniform and obtained at one stroke. ' • 

Observe number, order, and direction of strokes as in pmciling. 
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GEOMETRIC CONSTRUCTION 



26. 6«ometilc and Pncticil Method*. The accurate execution of the 
Tiewe and diagrama by which the lines and surfaces of an object are represented 
involves the graphic snltition of various plane problems such as the division of 
lines and tiie cuiiitrucUun of perpendiculars, parallels, polygons, etc. 

In geometry (Art. 2) these ariutions are obtained by the orderly applicaticMi 
of geometrio prindplea, which require the uae of the comitaasea and a stnii^tedge 
only in drawing the necessary working or construction lines. 

Wlulo if isi frequently necessary in practical drafting to obtain the solution 
by a geometric method, the draftsman is generally enabled to shorten the con- 
atructiye process or to obtain a direct solution by means of the T-square, triangles, 
dividers, etc. 

The constructions explained in this Chap, are those most conimnnly aii]ilit'd 
not only in draftinp;, hut in the laying out of the actual lines and surfaces of 
objects by the workman. 

The geometric method is that first given. Where a practical method (P. JM.) 
is not also given, the geometric method would ordinarily be used. 

27. To bisect a straight line, A-B, or a circular 
arc, A4B. Fig. 75. With A and )^ as centers and 
any rad. describe arcs intersecting in pts. 1 and 2. 
Through 1 and 2 drnw a st. line, which will be ± 
to A-B and bisect ii at 3, and the arc A4B at 4. 

Note 1. — ^Every pt. in the J. biseetor 1-2 ia eqiridnhmt from 

A and B; hence a different rad. may be tal^on for mch of its 
detenniaiiig pto. 1 tutd 2, or both located upoa the same side of 
A-B. 

Note 2. — The X bisector of a chord, if extemlc*!, w ill ] ii.ss 
through the center, d, of the Q of which the arc A4B ia a part, 
and will bisect the O, abo tlie Z A5B of wiiidi the arc A-B ia 

the measure. 

Note 3. — Tlie method of drawing a O or an arc of given rad. 
through two given pU., or upon a given chord, is evidflnt. 

P. M. Obtain divittootrith the dividos, Art. 15 (a) . 

28. To bisect an angle, CAB. Fig. 76. With 
ao7 rad. locate pte. 1 and 3 upon the sides, equi- 
distant from vertex A. With 1 and 2 as centers, 
any rad. , locate an equidistant pt. 3. Draw 3-A, the 

bisector of the Z . 



Note. — When the vertex, A, ia not usable, draw {[s to the 
liveii rides (eee Art. M), obtainlog A', aad bisect Z CA'B'. 




Fig 76 
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29. To construct an angle equal to a given angle, CAB. Fig. 77. Draw an 
ind^nite line A'-B'. With A as center and any rad., draw arc C-B to cut the 
sides of the given Z . With A' as center, eame »d., draw an indefinite arc C •B'. 
With tlie chord of C-B as rad. and center B'l cutC'-B', at C Draw A'-C com- 
pleting the required Z . 

30. To divide a straight line, A-B, into any number of equal parts (say 5). 

Fig. 78. Draw A-4 at any Z with A-B. D raw B-1' at the same Z, Art. 29, 
From A and B set off any distance upon A-4 and B-1', as many times as the 
required number of diviaions on A-B, less one. Draw 4-4', 3-3', etc., which will 
divide A-B aa required. 

Second Method. Set off five equal distances 
upon A-5 from A, and draw [[s to 5-B by wiftMng 
at 4, 3, 2, and 1 equal to Z A5B. 

Note— Any line, a8 l-l", [; to one side, 5-B, of a A, divides 
the other two aidea, A-B and A-5, proportionally. Thus tlit- 
imtio of A-1" to 1"-B equals the ratio of A-1 to 1-^; alM A-1" 
is to A-I «■ A-B is to A4i. 

P. M. Draw A-5 at any Z with A-B and from 
A set off five equal distances upon it. Draw ||s to 

5-B through 4, 3, 2 and 1 by Art. 8(c), diAnding 
A-B as r( qviired; or obtain divisions by Art. 15(a). 

31. To divide a straight line, .^-E, into parts 
proportional to those of a given divided line, A-D. 
Fig. 79. The method is evident from Art. 30. 

32. To lay off the length ot a given circular curve 
apoa a strai^t line. There is no ^act method. 
Divide the given curve into short arcs, not necea- 
J'arily equal, whoso chords will closely approximate 
the leMg:Tlis of the sul»teMdcil arcs. Lay off these 
chords successively upon the st. line. 

Note. — ^The length of the ctrcumferefice of a 0 w 3.1410 
litiiL's the (iiatii ; hence it may be computed and the neeacst 
fraction taken from a iahh of ilivirnfil eqiiiv.'ilfnf s. 

33. To lay off the length of a given straight line 
upon an arc. The method is evident from Art. 32. 

34. To draw a perpendicular to a line, A-B, 
from or tiirough a given point C. 

(a) Whsbt C is vpon A-B, at ob nbar thb middlb of thb turn. Fig. 80. 
Regard A-B as a St. Z with vertex at C and proceed as in Art. 28. C-8 will be 

the required ± . 

(b) When C is opposite oe ngakliY oppositk tuk middle of A-B. Fig. 81. 
Locate pts. 1 and 2 equidistant from C, and pt. 3 equidistant from 1 and 2, 
as in (a). Draw 03, the required X. 

(r) When C is upon A-B and at or near the end of thk t,ixe. Fig. 82. 
With C as center, any rad., draw an arc cutting A-B at 1. VVith 1 as center, 




.Fi«.79 
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same rad., cut this tivc at 2. With 2 aa cent-er, same 
rad., draw an arc ai^ove C. Throtiph 1 and 2 driiw 
a St. line to cut tla.e la&t arc at 3. Draw C-3, the 
miaired X* 

Note 1. — Th© dotted aws euggett another method of looat* 

ing pt. 3. 

Not« 2. — Any Z , n.- 1C3, inscrilied in a semicircle, is uriglit Z. 

Second Method. Fig. 82. Assume any pt. 2, 
not upon A-B, as center, and with nd. 2-C, draw an 
arc cutting A*B at 1. Through 1 and 2 chaw a st. 

line to cut this arc at 3. Draw C-^. 

(d) When C is oppositk oh nf.ahly opposite 
THE END OF A-B. Fig. 83. From G draw any hne 
intersecting A^B obliquely. Biaeet C-1 at 2. 
With 2 as center, rad. 2^, cut A-B at 3. Draw 3-C, 
the required ±. 

Note.— GoaiMie with second mothfMl of preceding. 

Second Method. Fig. 83. From any two pts. 
on A-B, as 1 and A, and radii 1-C and A-C, describe 
arcs to intersect at 4. Draw C-4 , 

P. M. For all cases: Obtain the X by Art. 8(d). 

35. To draw a line at an angle of any given 
magnitude in a quadianti witii a given iine» A>B, 

at A. Fig. 84. 

(a) 45". Draw A-1 nt with A-B h'y 
Art. 34(c). Bisect Z lAB l>y Art. 28; tlien A-3 will 
make an Z of 45* with A-B. See also Note 1. 

(b) 60*. With A us t t liter, any rad., draw an 

arr nittinp A-T? nt 2. With 2 as center, samp rad., 
(lit this an- at 4. Draw A-4, which will make an Z 
of (>0' with A-B. 

(c) 30*. Determine a 60*Z 4AB aa in (b) 
and bisect it; then line A-5 will be at 30* with A-B. 
See also Note 1. 

(d) 15*. Determine a 30° Z 5AH, as in (c) 
and bisect it; then.A-0 will he at 15° with A-B. 

(e) 75*. Determine a 90*Z lAB as in (a) 
and a 60° Z 4AB as in (b). Bisect the 30* Z 
1A4 and A-7 will hv at 75° with A B. 

(f) By trisecting the 15° arrs of quadrant 1-2 
and dividing the 5° arcs thus obtained into degrees, 
by trial (Art. 15(a)), a line at any intermediate 
degree may be determined. Lines at Zs involving 
frarfiotis of degrees may be determined by the same 
general methods. 

Note 1. — The dotted lines suggest another method of locating pta. 3 and 6. 

Note 2.— Obeerve that the tad. of a O n equal to a diord of | of ite einamfenode 
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Fig. 69 



P. M. Lines at 90°, 45', 60°, 30°, 15°, and 76* 
may be olUained by Art, 8(d). For lines at inter- 
mediate degrees see (f). The protractor (Art. 12) 
may be used for all easee not involving fractiona 
other than 

36. To draw a parallel to a given straight Une, 

A-B. 

(a) At a given distance, C-D, from A-B, 
Fig. 85. With any two pts., 1 and 2, on A-B as 
centers and C-D as rad., describe arcs on the same 
aide of A-B. At 1 draw a J. to A-B, cutting the are 

from 1 at 3. With 3 as center and rad. 1-2, cut the 
arc from 2 at 4. Draw 3-4, ihv rcqtiirod H- 

P. M. At any pt., 1, on A-B draw a ± 1-3 (Art. 
8(d)), and make 1-3 equal to C-D. Through 3 draw 
3-4 11 to A-B. Art. 8(c). 

(b) Tbbouoh a given point 3. Fig. 85. Lo- 
cate any two pts., 1 and 2. on A-B. With 1-3 as 
rad. and pt. '2 a.s center describe an arc on the same 
side of A-B us pt. 3. With 3 as center and rud. 1-2 
cut the last arc at 4. Draw the required paralld 8-4. 

P. M. Draw 3-4 || to A-B by Art. 8(0). 

37. To eonstntct a triangle. 

(a) When the sidi s aur given. Fig. 86. 
Make A-B equal to one of the given sides. With A 
and B as centers ami radii equal to the secotul and 
third sides draw arcs intersecting at C. Draw A-C 
and B-C to complete the A. 

P. M. When the given sides are equal draw the 
second and tiiiid at 60° with the fiiet by Art. 8(d). 

(h) When a side A-B, and the angles at A 
AND B, AKB GIVEN. Fig. 8t). Make the side A-B 
and Z s CAB and ABC equal to the given side and 
ZUf and extend A-C and B-C to meet at C. 

(c) When a bidv A-B, thb anoub at B, and 

THE ANGLE OPPO.SITE A-B^ AUE GIVEN. Fig. 86. 

Find the angular magnitude at A by subtracting 
the sum of the known Zs at B and C from 180° and 
proceed as in (b). See Fig. 20. 

38. To constniet an iaoaceles triangle when the 
base, A-B, and vertex anglOiACB, are given. Fig. 86. 

Find the angular magnitiuK ,s at A and B by subtract- 
ing the known Z from 180' and Inst c ting the remain- 
der; then proceed as in Art. 67[t>}. 
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39. To construct aa equilateral triangle when 
fhtt tltltiide, A-B, is given. ¥ig. 87. Draw B-1 and 
B-2 at 30* with A-B, Art. 85(o). Draw 1-3 X to 
A-B, Art. 34(c). 

P. M. Draw B-1 and B-2 at 30" with A-B, 
Ar t. Si d). By same Art. draw 1-2 ± to A-B. 

40. To circumscribe a circle about a given 
triangle, ABC. Fig. SHa)- Draw the ± bispctorg 
of either two etdes, as A-B and B-C (Art. 27) to 
intersect at 1; pt. 1, being equidistant from A, B, and 
C, will be the coiter of the required O. 

Xote 1. — The center of any G is at the interBestioB of the 
± bisectors of any two of its non-i>araUei chords. 

Note 2. — The method of drawing aO thnu^ aaytluteepte., 

not in the sump st. lino, i« evident. 

41. To inscribe a circle within a given triangle, 
ABC. Fig. 89. Draw the bisectors of either two of 
the Zs, aa CAB and ABC (Art. 28) to intersect at 1, 
the oent^ of the required O . The X distance from 
the center to any aide is its rad. 

42. To inscribe in equllateial triai^e within 

a circle. Fis. 90. Draw a diam. 1-2. From either 
end, 2, draw chords at 30" with 1-2 by Art. 35(c). 
Draw 3-4 to complete the A. 

P. M. Draw diam. 1-2. Draw sides 2-3 and 2-4 
at 30* with 1-2 by Art. 8(d) and join 3 and 4. 

43. To circumscribe an equilateral triangle about a circle. Fig. 91. Draw 
a diam. 1-2. From 2, with a rad. equal to that of the given 0, cut the diam. 
extended at 3, and the given Q at 4 and 5. Draw 8-4 and 3-5. With C as 
center, rad. C-3, cut 3-4 and 3-5 extended at 6 and 7. Draw 7-6 to cmnplete 

the A. 

P. M. Draw 7-G taageiii lo the O by eye; through center C draw 7-4 
and 5-6 at 30* with 7-6, Art. 8(d). By same Art. draw 7-3 and 3-6 at 60* with 7-6. 

44. To construct a parallelogram when two sides, A-B and A-C, and the 
tnclttded ani^e, CAB, are given. Fig. 92. Make the sides A-B and A-C and 

the included Z CAB equal to the given aides and Z . Draw G-1 || and equal to 

A-B by Art. 3Gi h) and draw B-1 to complete the parallelogram. 

P. M. Make Z CAB equal to the given Z by Art. 29. Make A-B and 
A-C equal to the given sidps. Draw the || sides by Art. 8(c). 

45. To construct a square on a given side, A-B. ISio figure. Draw a second 
side A-C X to A-B, Art. 34(c). Draw C-1 |[ to A-B, and B-1 |l to A-C, by Art. 
36(b), to complete the square. 

P. M. Draw A C and B-1 at 00* with A-B, and A-1 at 45* by Art. 6(d). 
Draw C-1 |i to A-B by Art. 8(c). 



Digitized by Google 




88 



ESSENTIALS OF MECHANICAL DRAPHNQ 



Fig. 93 



46. To ixiscribe a square within a circle. Fig. 93. Draw a diam. 1-2. 
From 1 and 2 dmw obwdB at 45* with U2 {Art. 3&(a)) to form the squave. 

P. M. Draw ± diams. 1-2 and 3-4. At 45* irith theae, draw aidea 1-4, 8-2, 
etc., Art. 8(d)« 

, 47. To eonstruct a aipmn on a i^von diafonali l-i2. Big. 9i, The method 
ia evident from Art. 46. 

48. To circumscribe a square about a circle. 

Fig. 94. Draw ± di-un? 1-2 and 3-4. Through 1, 2, 
3, and 4 draw |[s to tliese diams. (see Art. 30(a) ), form- 
ing the required square. 

P. M. Draw || tangents S-7 and 5-6, Art. 8(e). 
Through the center and at 45" with thcso draw 5-7, 
Art. 8(d). By same Art. draw tangents ± to the first 
two. 

49. To inscribe a regular pentagon within a circle. 
Fig. 95. Draw a diam. 1-2 aud a ± rad. 3-4. Bisect 
3-2 at 5. From 5, rad. 5-4, cut the diaAi. 1-2 at 6. 

The chord f s G is equal to one side of the required 
pentneon. Hciico, with 4 as center, rad. 4-0, cut the 
circuuifcreiicc at 7 and 8. With 7 and 8 as centers, 
cut it again at 9 and 10. Draw chords 7-4, 4-8, etc., 
to form the pentagon. 

P. M. Divide the circumference into five equal 
parts by trial (Art. 15 (a)), and connect the pta. 

50. To construct a regular hexagon on a given 
side, A-B. Fig, 96. With A and B a.s icntf is, rad. 
A-B, draw arcs intersecting at 1. With I m center, 
same cad., describe a O cutting the first arcs at 2 
and 3. With 2 and 3 as centers, same rad., cut the 
circumference at 4 and 5. Draw chords 2-4, B-3, etc., 
to complete the hexagon. See Art. 35, Note 2. 

P.M. Draw A-o and 4-B at 50° with A-B, Art. 8(d) . 
Through their intersection, 1, draw 2-3 paralld to A-B, 
Art 8(o). Draw B-3, 2-A, 2-4, and 5-3 at 60* with 
2-3, and 4-5 parallel to 2-3. 

51. To inscribe a regular hexagon within a circle. 

Fip. 97. Draw a diam. 1-2. Draw chords 1-3, 5-2, 
6-2, and 1-4 at tiU" with 1-2, Art. 35(b). Draw 3-6 
and 4-6 to complete the hexagon. 

P. M. Draw diam. 1-2. Draw diam. 4-6 and aides 
1-3, 5-2, 6-2, and 1-4 at 60° with 1-2, Art. 8(d). Draw 
sides 3-6 and 4-5 || to 1-2, Art. S(c). 

52. To construct a regular hexagon on a given 
long diagonal, 1-2. The method is evident from Art. 51. 




Fig. 94 
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Fig. 96 



Digitized by Google 



GEOMETRIC CONSTRUCTION 



80 



53. To inscribe a regular octagon within a circle. 
Tig. 98. Draw ± diams. 1-2 and 3-4. Bisect the 90" 

Zs by Art. 28. Draw ciiords 1-5, 5-4, etc., to form 
the octagon. 

P. M. Draw ± diams. 1-2 and SA, and diams. 6-6 
and 7-8 at 45* with these, Art. 8(d). Draw sides 1-6, 
•5-4, etc. 

54. To circumscribe a r^ulsr octsgon about a 

circle. Fig. 99. rircnmscribe a square about the Oi 
Art. 48. With pts. 1 , 2, 3, and 4 as centers, rad. 1-C, cut 
the sides at S, T, U, V, etc. Join S, X, T, W, etc., to 
complete the octagon. 

P. M. Draw |l tangents 4-3 and 1-2. JL to these 
draw 1-2 and 2^. At 45* with these draw S-X, T-W, 
y-V, and Z-U. 

55. To ooostnaet any regolar pcdygoa* OunDBAL 

MSTHODS. 




FtG.99 





Fig. 97 




I Fig. 96 




Fig. 101 



(a) WnN A BKDM, A-B, is avrms. Fig. 100. With A or B as center, rad. 
A-B, describe a semicircle upon A-6 extended. Divide this arc by trial (Art. 
ISfa)) into as many equal parts as the required polygon has sides (say 7). 
Through the center, B, and the second pt. of division, 2, draw B-2, which 
win be a second side of the polygon. Describe a 0 through A, B, and 2. (See 
Art. 40, Notes 1 and 2.) Apply A-B as a chord from 2, U, V, etc., and draw 
2-U, U-V, etc., to complete the polygon. 

Note 1 — -Verticw U, V, W, and X may alio be datanniiMil by radiab from B, throu^ 8, 4, 6, 

and 6, as ahown. 

Note 2.— liDB B>1 would be the aeeood ddo cf a polyioa of twioe aa maqy sidii. 

(b) Wbsn TBS cntcumcBiBiNa cibcui is oitbn. Fig. 101. Draw a diam. 

1-2, and a tangent 3-4 J. to it. With 1 as center and any rad., preferably 1-C, 
describe a semicircle upon 3-4. Divide this arc and draw radials as in (a). 
Join pts. U, V, W, etc., thua found, to complete the polygon. 

P. M. Divide the drcumferenoe by trial (Ait. 15 (a)), and join the pts. I, U, 
V, W, etc. 
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(e) WB»r CSS macsiBSD cibolb n oitsm. Fig. 

101. Divide the circumference as in (b). Through 
these pts. of division draw radials C-W, C-X, etc., and 
obtain one side of ttie inscribed polygon, as X-VV. 
Draw a tangent 8-T || to X-W, which wHl be one nde 
of the required polygon. Hie method of obtaining 
the others is evident. 

P. M. Divide the circumference as in P. M.of (b); 
then proceed as above. 

5<t* To construct a polygon similar to a given 
polygon, ABCDE, upon a given side, A'-B'. Fig. 102. 

(a) When A'-B' is equal to the cokkespondino 
SIDE, A-B. Draw A'-B' equal to A-B. Locate vertices 
C, D', and E' by drawing intersecting arcs with cra- 
ters A' and B' and radii equal to the distances of 

and E from A and from B respectively. 

Second Method. Divide the given polygon into 
As by diagonals A-C and A-D. Construct Zs at A' 
and equal to those at A and B, and at C* and D', 
equal to those at C and D (Art. 29); then the cor- 
responding As of the given and required figures will be 
similar and in this case equal. 

P. M. Determine the vertices by Art. 57 and join 
them. 

(b) When A'-B' is greater or less than A-B. 
Draw A'-B' ecjuid \n the given lengtli aiul proceed a.s 
in (a), second niethod. Tlien the corresponding sides 
of the given and required figures will be proportional. 

Note 1.— It k aaawtiiMi ooavwioiit to l^r cff A'-B' upon ApB 
or A-B extendod, and tbandmw ||i to the othar ridai, m indiortad 
by the dotted linee. 

Note 2.— When the ratio of A'-B' to A-B is given (as say 8 to 4) 

ilie length of .■V'-B' may be (ictcrtninril hy .n sralo of proportional 
lengthfl, Fig. (a). Draw indeiiiute lines A-X aad A-Y at any Z 
with eaeh other. On one^ ai A>Y, let off aaj length, A-1, and on 
the other A-2, in this c&se equal to J of A-1. On A-Y set off the 
length of A-B. Draw 2-1, and B'-B i| to it; then A-B' will be 
equal to }ofA>B and thua be the fequiNd lengtli of A'-B'. See 
Art. aO^ Note. 

57. To plot a figure similar to a glvon flgon by 
means of a base line or .ceiiter line, and offsets (in 

this case an irregular curve A-F). Fig. 103. In 
any convenient position with respect to the given 
figure draw base Una X-Y. From A, F, and any num- 
ber of intermediate pts., draw <rfbet8 ± to X-Y. 
Having thus refevred a suflScient number (rf linuting 
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pt8., draw X'-Y' as the line of referenop for the re- 
quired figure. Upon X'-Y' set off l'-2', l'-3', etc., 
equal to 1-2, 1-3, etc., and draw offsets I'-A', 2'-B', 
3'-C', etc., equal to 1-A, 2-B, 3-C, etc. Through pts. 
A', B', C, etc., thtts determined, draw the required 
curve. (See Art. 18(a).) Note application of princi- 
ple in Fig. (a), also in Fig. 132(a), (h). 

(a) To DRAW THK FIGURK TO AN ENLARGED OR 

BBDUCEO SCALE (say enlarged in ratio 3 to 2). The 
co-ordinate distances would be f = 1| times thoee of the 
corresponding pts. of the given figure, and may be 
obtainocUiy Art. 56(b), Note 2; or proportional dividers 

may be used, 

58. To diEW a ttngenti A-B, to a drdOt Utroogh a 
given point A. 

(a) When A is ox the circumference. Fig. 
104(a). Draw rad. C-A, and tangent A-B X to it, 
Art. 34(c). 

P. M . Draw A-B ± to rad. C-A by Art. 8(d). 

(b) Wbbn a is on the circumferkncs and the 
center inaccessible. Fig, 104(1)). With A as center, 
any rad., cut the curve at 1 and 2. Draw chord 1-2. 
Draw A-B || to 1-2 by Art. 36(b). 

P. M. Obtain chord 1-2 as above. Draw A-^B || 
to it by Art. R(e). 

(c) Whkn a IB ofTfJinK OF THE circumference. 
Fig. 105. Join A to center C. Upon A-C draw a 
semicircle to determine pt. of tangency B. Draw tan- 
gent A-B. See Art. 34(c), Note 2. 

KoCe.— A moqimI tangpoiit, A-B', may be dnnrn, as iodieated. 

P. M. Draw A-B tangent to the O by eye. Locate 
pt. of tangency by a rad. OB J. to A-B, Art. 8(d). 

59. To draw a tangent, A-B, to two given circles. 
Fig. 106. Draw line of centers 1-2. Subtract length of 
rad. oi smaller O from that of the larger and draw 

concentric arc 3-1. 01)(:iin tnngont 2-.*? by .\rt. 58 (c). 
Draw rad. 1-A througii 3, and nuikc / H 2 5 equal 
to Z A 14, Art. 29. Draw A-B, the required tangent. 

Note.— To draw a trihgcnt , C-D, pasMiag between the oentcra ■ 
add length of ra«l. of smaller G to that of the larger, and draw oon- 
oentrio arc 6-7. Draw taogeot 2-7, and rad. 1-7, locating pt. C. 
Make Z D2 lequalto ^ 31 7, tlnialooatiagD. DzavC-D. 

P. M. Draw tangents A-B and C-D by eye. Locate 
pts. of tangency as in P. M. of Art. 58(c). 
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60. To drav/ a circular curve of given radius, D-E, tangent to a given circular 
curve and to a given straight line, A-B. Fi^. 107. At distance D-E from A-B 
draw a [i 1-2. Upon any rad., C-3 extended, set off 3-4 equal to D-E. Con- 
centric with given curve, and with rad. C-4, draw an are cutting 1-2 at 6, the 
center of the required curve. Line C-5 and a J. to A*B from 6 determine pta. of 
tangency 7 and 6. Pee application in Kg. (b) at G. 

Note. — Tlie inettiod of dnwiDg a droular curve of givm rad. tangent to two giv«o circular cunrca 

is e\'i(lent from Fig. (a). ^ 

61. To draw a circular curve tangent to two given straight lines, A-B and 
C-D. Fig. 108. 

(a) Whbn ▲ roiNT of tanobnot, E, on A-B is Qivms. Fig. (a), f^rtend 
A'B and C-D to'intereect at 1, and make 1>E' equal to 1-E. At £ and E' 
draw J.B to iuterscL t ut 3, the center of the required curve; orbieect theinduded 

Z BID and draw ± at E to cut the bisector 1-2 at 'S. 

Note 1. — When tbe vertex, 1, is ioacceeaible, the bieeotor m&y be obtained by Art. 2S Note. 
Notog.— 'The cooatructiop, when A-B and C-D aie ||, or at t^ai b evident from Figi. (b) 
and (e). 



Note.— When A-B utd C-D we at ri^t Za, tbe nd. may bei^ 
plied as in Fig, (c). 

62. To draw a circular curve tangent to three straight lines, A-B» A-C| 
and C-D. Fig. 109. The construction is identical with that of Art. 42. 




(b) When the radius, 3-E, is given. Fi«. (a). 
At distance 3-E draw i|8 to A-B and C-D, intersecting 
at oent^ 3; or obtain bisector 1-2 ae in (a) and a || to 
one side intersecting 1-2 at 3. See applieation in Fig. 

107(b) at F. 
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63. To dnw circular coivm tangent to two given parallel straight lines, 
Ar-B and C-D, at B and C, and to each other at any point E, in line B-C. Fig. 1 10. 
Draw ± bisectors of B-E and E-C. At B and C draw ±8 to A-B and C-D to 

cut the biHcctors a( 1 and 2, the centers of the required arcs. 

64. To draw an ellipse when the axes, A-B and C-D, are given. 

(a) By iocAL Radii. Fig. 111. Draw the axes X to each other at thoir 
middle pts. With either end, G, of the minor axis as center and rad. equal to 

I of the major axis, cut the latter at F and F', the fod of the ellipse. Between 
the center, E, and eitlier focns place any pt., 1. With the foci as centers and 
rad. A-1, draw aics upon opposite sidess of A-B. With same centers and rad. 
B-i, cut these arcs at 2, 6, 4, and 5, which will be pts. of the required curve. Assume 
a sufficient number of other pts. for focal radii 
on A«B and proceed in like manner. Draw the 
curve through the pts. thus foimd, freehand. 
See Art. i8(a). 

Note.— The method of obtaining s tangent , T-T', at a 
giv«n]ii.,!^iathieeiirvej«evideQt> SeeArl. 2(d>. 

(b) By TaaiotnL MsTHOD. Fig. ill. On 

the pt. edge of a piece of paper mark off G-1 
equal to ^ of the major axis, and I-H equal 
to ^ of the minor. Moving this trammel so 
that pt. G remains on the minor axis and H on 
the major, set oft a sufficient number of pts. for 
the successive pontions of I to determine the 
required curve. 

Note.— Having loe&ted pts. for ) of the curve, corr*. 
ipoindingpta.«iiiildbedfltanninfldby Art. 67. 

(e) BTRsvoLimoMorACiRCLE. Fig. 112. 

Upon the axe*? describe 0f». Divide these Os 
into thti same proportional parts by diams. 
If the large 0 be imagined to revolve about 
axis A<-B, pts. 1, 2, etc., vHll appear to moveX 
to A-B. When 1 and 6 coincide mth D and 
C, pts. 2, 3, etc., will have moved proportional 
distances which are determined by [js to A-B 
from the corresponding pts. 2', 3', etc., of the 
smaller 0 , at 2", 3", Ac, of the required curve. 

Nnfr — Tlic fijiure iiidicatfs a.socon<l method<lf obtMll- 
ing a tangent at a giwn pt in the curve. 

(d) Br Parallelogram Method. Fig. 113. 
Draw ||s to A-B and C-D through A, B, C, 
and forming a parallelogram. Divide A>F 
into any number of equal parts and A-E into 
the same number of equal parts. Through 
the pts. of division on A-F, draw D-1, D-2, D-3. Through the corresponding 
pts. on A-E draw C-1, C-2, C-3 intersecting the lines from D at 1', 2', 3', 
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whieh viU be pts. In the required ellipse. In 
like manner find pts. for remainder of eunre. 

Not« 1.— The aameooDitnietioD vpt^iMyrbm any two 
eoojugate diunetm are given. 

Note 2.— The method of ioacribing aa ellipue in any 
ghm panlklaenai Owi aqiuM) is «vid«iit. 

(e) By CniC17i<AB Abcs. Fig. 114. The 
following is one of several methods of approx- 
imating an ellipse: Draw D-B. Make 1-2 
equal to 1-D and D-3 equal to 2-B. Draw 
a J. biaector to 3-B, cutting C-D extended at 
4, and A-B at 5. Make 1-5' equal 1-5 and 1-4' equal 1-4, and draw 4-6', 4'-6", 
and 4-6"'. With 5 and 5' as centers, nul. 5-B, draw arcs 6-6'" and 6"-6'; then 
with 4 and 4' as centers, rad. 4-D, draw arcs 6'-6 and 6"'-6" to complete the 
curve. 
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65. General Principles. It has been noted that nierhanical drawings are 
made for the purpose of showing the exact facts of form, dimension, and arrange- 
ment of parts in objects of a structural character. (See Art. 1.) To express these 
faott fully and clearly it is neoeesuy to roprooont iliB object by two or more 
lelated drawings each of wMoh gives certain information tliat the others lack. 

These drawings, though made upon one plane, the paper, by the methods of 
Chap. IV, are regarded as projections of the image of the object \ipon different 
planes || to the axes or principal dimensions of the object, and imagined to be 
obtained by meaia irf Xa to thoie planes from all pts. of the object; that it, in 
aooordance with the prindplea of Orthographic (true drawing) Projection. 

(a) In Fig. 115(a), ABCD is a pictorial drawing of a hollow rectangtdar 
block, placed squarely in front, with the center of the opening on the level of the 
eye. By experiment with a similar object, it will be observed that the front sur- 
face, being at lif^t Z s to the direction in which it is seen , appears in its exact form. 

The surfaces of the opening, althoiMsh at right Z s with the front, appear fore- 
shortened and to incline towards each other; the farther lines appear shorter than 
the nearer, and the receding lines to iucUne and converge towards a pt. at the center. 

The apparent decrease in size, 
foreshortMiing, inclination, and oon- 
Tergence is due to the position of the 
lin^ and surfaces of the object with 
respect to the eye of the obsei-ver, and, 
obviously, if the position of the eye be 
changed, the appearance will also 
dmnge. Thus, if the eye be moved 
a certain distance upward, the object 
would appear as shown in Fig. (b) 
and if moved upward to the right, as 
in (c). 

It is evid«it that none of these 

pictorial representations shows the 
exact form, size, and relation of all 
the lines and surfaces. 

(b) Let LMNO (Fig. 115(a)) 
represent a vert, pane of glass or 
wire screen placed || to the front 
surface of the object. Consider 

this glass or screen to be merely Fig. 115 
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A plane, and the picture ABCD, as obtained by tracing lines upon th& 
plftne to cfXActly cover the outlines of the object seen through it. Since the plane 

is nearer to the eye than the object, and the rays of Ugbt converge from- tiie 

object to tlie cyo, it follows that all lines of the tracing must be shorter than those 
of the object; also, that if the object lie projected forward until its front surface 
coincides with the plane, the tracing of that surface would be identical both in 
form and dimensions with the surface itself. 

(c) If now, instead of moving the object, lines be imagined to extend from 
all its pts.. A, B, C, D, etc., ± fo the plane, as shown pictorially in Fig. 1 Ifi, these 
±s would intersect the plane at , B^, C^, D"*', etc. These pts. are called 
projecliom of the pts. of the object, and hnes A^-B^ , B^-C^, etc., joining them, will 
be projections of the lines and surfaces of the object. 

The plane is a plane o/ prejecHon and the Xs are the projectors of the pte. 




M 



(d) Since the projectors are {| to each other, and the rear ptS. of the objeet- - 
are perpendicularly back of the front pts., it follows that the projections of the 
front and rear pts. will coincide, as indicated in the figure. The projection, when 
viewed squarely, as in Fig. 117, thus shows what the eye would see if imagined to- 
be directly opposite each pt. d the object at the same time; namely, the exact 
form and dimensions of the front and rear surfaces, and the dimensions of the- 
object from left to right and bottom to top. 

(e) Although in this case the first dimension is the length and the latter the 
width, it is oonvenient in speaking of the dimensions of an object in a definite 
position to call the hor. dimension from left to right the widtkt or breads, that 
from front to back the depth, and the vert, dimoision the height, regardless of 
their extent. 

In the notation of this proj. and others which will be explained, the first letter 
in each instance indicates the pt. of the object nearer the plane, and the small 
letter the plane upon which the proj. of that pt. lies. To avoid confuston, the 

notation of the opening is omitted. 

(f) Since the three dimensions of an object are J. to each other and a plane 
has but two dimensions, it follows that when two dimensions of the object are 
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projected in their exact sise the remftining dimendon is not aem; that is, no more 
than two dimensions can be ^hown in their exaet size and relation in one proj. 

Hence, to show the dimension from front to hack (de])th), another proj. uptMl 
a plane ± to the front or verticul plane must in like manner be obtained. 

Thus in the pictorial illustration Fig. 118, D"C"F**E", etc., is the proj. of 
tiie object upon a (op or koriitcnkil fXane ONQP, and B^G^l'C', etc., ite proj. 
upon a side verHcal or profile Tplane 
MRQN, at right Zs to the first two. 

Note. — The relation of the plaues may be 
OhiBtiBted by means of a paper box, hinged 
panes of glass, or screens. 

(g) To show these projs. as they 
are generally arranged in a mechan- 
ical drawing, the planes of two of the 
projs. are imacpned to be revolved 
about their lines of intersection itif > 
the plane of the other regarded as the 
plane of the drawing, as in Fig. 119. 

(h) It should be noted that the 
projs. upon the top and side planes 
are precisely the same as would be 
obtained upon the front plane if the 
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object were turned from the positiun ^ivt n so that its dimensions of width and 
depth, and then its height and depth, are 1| to that pkme. 

The opening cannot be seen when the objeet is looked at squarely, either from 
above or from the side, but as it is necessary to show its projs- upon the top and 
side planes, — the linos whose projs. do not coincide with those of vimble lines 
are represented by dashed lines, to indicate that they are invisible or hidden. 
Observe that the outer lines of all projs. represent VMible Uims d the object; those 
within represent hidden lines when seen in the other projs. to lie below or behind 
some solid portion. 

(i) It is evident that the three dimensions arc shown by any two of the 
projs.; that two J. projs. are, therefore, necessary to stiow the three dimensions; 
and that the Uiree projs. together det»imne completely and eleaxljr the exact 
form, sise, and relation of all lines and surfaces of the object. 

(j) These three mutually J. planes of proj. arc railed the co-ordinate planm, 
and for hrovity nre denoted by V, H. and P respectively. 

A proj. is named from the plane upon which it is imagined to be obtained, not 
from Ihe particular part seen or shown. Thus tiboee upon V , H , and P are respec- 
tively the verHeal, horveontidi and profile projedton. 

In practical drafting, the first is called sl front elevation or front tMttf, the second 
a plan or top r/' tr and the third a side elevation or side vinr. 

The terms '*plan" and ''elevation" are used chiefly in architectural drafting; 
the term ''view'* is more generally used. 

(k) The line of intarsecticm of V and R is called the ground line or trace of 
y and H, and is denoted by G L. 

When looking squarely at V, tho (J L represents H: and whon lof)king at H, it 
represents V. The line of intersection of V and P is called the vertical trace of P; 
that <rf H and F is the kmtonUd trace 0/ P. These are denoted by V T of P and 
H T of P. 

"VSTien looking at V or H, these traces indicate the position of P. When looking 
at P, they represrnt ^' and H. The verts, and hors. from the views to the traces 
represent the projectors to the planes. 

G) When H and P are revolved, the front and top views of any pt. are seen 
to lie in tiie same vert.; the front and side views in the same hor.; and its top and 
side vieAvs equally distant from the G L, and V T of P, respectiv^y. 

Rules 1, 4, 5, and 7 (Art. 74) may here be noted. 

(m) Views could in like uianaer he obtained upon planes auxiliary to the 
eo-Ofdinate or principal planes, V, H, and P; namely, upon a profile plane at the 
left of the object, upon a bottom plane || to H, upon a rear plane |[ to V, and 
upon planes oblique to r itln r two of the co-ordinate planes. 

We may thus have front, top, right and left side, bottom, rear, and oblique 
views. 

With the exception of the latter, the relative arrangement of these views in 
a mechanicsl drawing would generally be as indicated in Fig. 120. See Art. (i). 

Note that thr line of each view (excepting the rear) nearest the front view 
represents the front line or surface of the object in that view. 
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M. To draw tiie front, top, and side viows of a rectangular object Suppose 
it is required to draw these views of the blook (Fig. 119(a)), it« position and dimen- 
sions being given. 

(a) First draw ONQ' and MNQ to repror^ent the traces of V, H, and P. 
Tlmt portion of the paper below 0-N aiid to the left of M-N will represent the 
fitmt plane, that above 0-N and to left of N-Q the top plane, and that to the 
rlnhx of M-N and below N-Q' the right side plane. The outer limiting lines of 
the planes are always omitted. 



(b) Since; the distance of the object from the planes is iunnaterial, tlw, views 
may be drawn any distance from the G L and traces of P. Hence, at any con- 
venient distance below 0-N and to the left of M-N, draw rectangle A^B^C^D^ 
for the main lines of the front view, making the hor. and vert, dimensions 
equal to the breadth and height respectively, of the object. The opening should 
at first be disregarded. 

(c) The top view of each pt. must I'O in a vert, tlirouuh it,^ (corresponding 
front view, Art. OGU). As in this case all pts. of the front face are equally distant 
from y, draw the projectors from the front view, and at any convenient distance 
nbove the G L, draw the hor. D'*-C"' for its top view. 

As the rear face is '[ to the front, its top view will be E"-I''", at a distance 
from D^-C** equal to the depth of the object. As the i^ide fa( cs are ± to H, their 
top views will be the verts. D"-E" and C"-F", thus completing the rectangle 
O^C^F^E' for the main lines of the top view of the object. 

(d) From Art. 65(1) it follows that the side view of each pt. will be in the 
hor. throuKh its corresponding front view and at the same distance from the \' T 
n.s its top view is above the (t L. Heoce, draw indefinite hors. from the front 
view, and from the top view to N-Q'. 

Then as N-Q and N-Q' both represent the H T of P, describe arcs with N as 
center, to carry the ptf^. from N-Q to N-Q'. From these pts. draw \erts. to 
intcrf?ert the projectors from' the front view, thus determining B**, G^, F^, and 

and forming the main lines of the side view. 



O 
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(e) Similarly, if the side view is first obtaiiied, the reverse of the above procees 

will determine the top view. 

(f) Now, returning to the front view, driiw the rectangle to represent the 
opening, then project as before, to complete the other views. 



LEFT SIDE VIEW 



TOP VIEW 



FRONT VltW 



BOTTOM View 



RI&MT SIDE VIEW 



REAR VIEW 



rio.120 




(a) 




(b) 



Fio. 121 

(g) Practical Methods. In practical drafting, only such portions of the 
projeotcm ate pendled as may be neoesnuy to locate the required pts. The 
traces of the planes of proj. are also omitted; center, base, or other linee || to 

the positions of the traces being utilized as reference lines in locating the viewSi 
practically aa though such lines wore the actual traces of the planes. Thus, in 
determining the views (Fig. llOta)) the lower hor. of the top view and left vert, of 
the side view oould have been located any conveniokt dstance from the front 
view, and the depth set o£F from top to aide or vice versa, by means of the dividers. 

Fig. 121(a) shows the views with the traces and projectors omitted. In 
this case nil measurements were set off with reference to lines lepiesenting the 
axes of the object, called center lines. 
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It is evident that a C. L. of a view mmy be teguM ae the trace of a central 
plane ± to the plane of that view. 

Fig. 121(b) shows the same object in a different position. Working drawings 
of an object composed of several rectangular parts are 8ho^^ n in Figs. 179, 180. 

67. Objects Having Surfaces Oblique to the Co-ordinate Planes. The form 
of an object in frequently such that some of its surfaces and lines will be oblique 
to the planes of one or more of the views; and, therefore, foreshortened in those 
views. Thus in the pyramid (Fig. 122) the front and rear faces are oblique to V 
and H, the left and right faces to H and P, and its slant edges to V, H, and P. 
These surfaces and lines are, therefore, foreshortctipd in ;iU of the view-; 

The base is || to H and has two of its edges || to V and two || to T. When thus 
placed the object is 1| to V, H, and P as much as it can be, since its axes or principal 
dimensions are also || to those planes, and the views enable the form of the object 
as a whole to be determined, as in the case of a rectangular object. 

Eules 2, 3 and 6 (Art. 74) may here be noted. 




ria.123 riG.124 rid. 125 



68. Objeeta Having Curved Suitaces. 

(a) Any view oi a sphere is a O equal to a great O of the sphere, Fig. 123. 
Observe that the prcat 0 ABC'D is \\ to V, AECF 1| to H. and DEBF !| to P. 

The view of a right circular cylinder upon a plane to wliich its axis is_L is a O. 
Its view upon a plane || to the axis is a rectangle. Thus in Fig. 124 the ba^as 
are || to H and X to V; they are, therefore, seen upon H in their exact shape, 
and upon V as (| hors. equal to the diam. of the base. The elements are |[ to Y 
and ± to H and, therefore, seen upon V in their exact length, and upon H aa pts. 
in the O . 

The views of a right circular cone whose axis is thus related to the planes are 
aO and a A. Fig. 126. The outor elements only being |[ to V, they only are 
seen upon it in thmr exact length. Intennediate elements arfe unequally inclined 

to V and, therefore, unequal upon it. As all the elements are equally inclined 
to H, they are equally foreshortened upon H. Note that as the third view in each 
case would be the same as one of the others, its representation is unnecessary. 
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Fie. 126 



(b) Equidistant elements of a right 
cimilar cylinder or cone may be deter- 
mined by equal division of the base or 
other O of the surface, in the view in 
which that O U seen in its exact shape. 
Twelve are usually sufficient. 

Fig. 126 represents a truncated 
cylinder. As the elements are ± to H, 
the top view of the curve (rfthe oblique 
surface coincides with that of the base. 
As the surface is oblique to P, its side 
view will also be a curve. To draw 
this view it is necessary, smce there are 
no vertices as in rectilinear figures, to- 
obtain a sufficient number of its deter- 
mining pts., by assuming these first in 
the known (front and top) viewB of 
the curve. Having located these pts. iu the side view the curve is drawn 
through them, as shown. See Art. 18(a). 

tu i^lindric or conic surfaces these pts. may be regarded as the ends of dements. 

69. Projections upon Oblique Anziliaiy FlaiuHi. When it v necessaiy to 
represent an object so that some particular surface, X to one plane but obUque 

to ariollier, shall be shown in its true or «Eact shape, an aimlt(ity«»eto upon a plane 
II to that surface may be obtained. 

(a) In Fig. 127, D^B^C*, etc., represents a proj. upon an au.\. plane A, 
|[ to the surface DBC, that is, upon a plane i. to V, but oblique to H. The 
method of obtaining this view differs from that of obtaining a side view only in 
that the V T in this case is 1| to D^B^C^, instead of J. to the L. Having 

located the traces of A, 
draw J.S to the V T from 
the front view and inter- 
sect these by ptojecting 
from the top view as 
shown, or transfer the pts. 
with dividers as in Art. 
66(g). Joining the pts. 
thus det^mined will form 
the required view. Note 
application of principle in 
Figs. 144, 182. 

<b) In Fig. 128(a) an 
aux. view A^B^D'^, upon a 
plane, A, ± to H and || to 
a central plane, Y-Y, is 
shown. In this case, the 
view was determined by 




Fio 127 
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means of C. La. and base lines r^^ided as the traoes of planes J. to those of the 

views. The method differs from that of obtaining the front view in Fig. 127 only 
in the changed positions of the central planes X-X and Y-Y. Thus Y-Y is the 
H T of the given central plane; X-X is the H T, and trace upon A, of a second 
central plane X to Y-Y. 
Z-Z is the V T of the 
plane of the base, and 
Z'-Z' drawn any con- 
venient distance from 
Y-Y and |l to it is the 
trace of the base plane 
upon A. 

Perpendiculars to 
Z'-Z' from A", B", and 
C" determine A*, B*, 
and C^; setting off the 
height of D above Z-Z 
from the front view and 
joining D^, A*, and B^ 
completes the required 
view. 

(c) Fig. 12S(a) also 

nieflioil of obtaining an 

D"(""B". upon fl plane, B, 
face DBC, which is not X 




shows the 

aux. view 

II to a sur- 
to the plane 

of eithtf of the given views, that is, not 
shown ss a Une, but ± to which a 
plane, Y-Y, can be directly determined. 

The aux. view .VMv^D*, is first ob- 
tained as in the preceding case. Y'-Y' 
II to D^B^C^ is the trace upon B of the 
J. plane Y-Y. 

Perpendiculars to Y'-Y' from A* 
and determine A^ and D'^; setting 
off the distances of B and C from Y-Y, 
J. to Y'-Y', and joining pta. A", B", 
C, completes the required view. 

(d) Fig. (b) shows the method of 
obtaining nn nnx. view upon a plnne, 
B, X to the axis of an object which is 
oblique to V, H, and P. Note that the 
views upon A and B determine the true dimensions of the prism. 

(e) In a curvilinear object, it is necessary to aasume pts. in the known views 
of the curves and then obtain these in the attx. view, as is evident from Art. 68(c). 

(f) When the true shape of a particular surface only is required the same 
method, or that of Art. 70, may be used. 
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70. Revolution of Surfaces. It 
is frequently desirable to determine 
the true shape of a suiface by revolv« 
ing it about an ans until [| to V, H, 
or P. 

fn) Fif». 129(a) represents a 
truncated liexagonal prism with its 
oblique surface ABCDBF revolved 
about an im^inary axis ± to V 
through pt. A, until it. Is '| to II, upon 
which it is, therefore, seen in its true 
shape A'B'C'D'E'F'. 

In revolvingasurface, each pt. not 
in the axis of revolution describes an 
arc whose plane is ± to that axis. 
In this case, therefore, the arcs are 




seen as arcs in the front view and aa hnes 1| to the G L, or C. L., A^-D', in the 
top view. Hence, the front view of the surface remslns a line of the same lengl^» 
and the distances of the pts. of the surface from V also remain unchanged. 

The surface could in like manner be revf)lved '| to IT, or to P, about any other 
axis J. to V. Thus A"B"C"D"E"F" represents it revolved about l-2untU |[ toP. 

Fig. (b) represents the surface revolved about its side B-C until || to V. 
As B-C is II to V, the front views of the arcs described by A, £, and D are ±s 
to B-C at A^, B^, C^, and D^; and as the true distances of A, F, E, and D back 
of B-C are seen in the top view, these distances are set off on the ±s at A', F', 
E', and D' as shown. 

Tlie figure also shows a lateral surface revolved about its base edge, G-H, 
until II to H; and, about the lateral edge, A-G, until || to V. Note application of 
principle in Fi^. 110 to tlie revolution ol an imaginary surface on C>D. See also 
Figs. 145, 153, 158, 159, 161(b). 
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(b) In Fig. 128(a), a surface DBC, oblique to V, H,and P, is shown revolved 
I) to H about its base edge B-C, As B<C is || to H, the top view of the arc 
described by pt. D ^vi^ b(! a ± to B°-C**, coinciding with Y-Y, Efenoe, the 
true distance of D from B-C is determined, in this case, by an aux. view ttpon 
a plane A, !| to the central plane Y-Y, to which the surface DBC is ±. Art.69> 
Rule 8 (Art. 74) may here be noted. 

71 . True Length and Position of Lines Oblique to the Co-ordinate Planes. To 
determine the tnie lenf^th of a line olilique to the planes, the line may he projected 
upon a 1) aux. plane, or revolved i| to a plane of proj., practically as in the case 
of a surface. 

(a) First Method. To obtain the 
true lenp:th of A-D (Fig. 128(a)) upon an 
aux. plane ± to H. The method is evi- 
dent from Art. G9(b). A*-D^ is the true 
length, and the Z it makes witili the H T 
of plane Y-Y containing the line is the true 
Z the Une itself makes with II. 

To obtain the true length of A-D (Fig. 
130) upon an aux. plane A _L to V, regard 
A^-D^ as the V T of the plane eontaining 
the line; Y-Y as the H T of a central plane 
± to the first; and Y'-Y' p!aced any 
distance from A^-D^ and \\ to it, as the 
trace of this second plane upon the aux. 
plane A. 

Projecting from and D^ ± to Y'-Y' 
obtain D*, and set ofT the ± distance that \ is back of Y-Y. Then 
A^-D^ will be the required true length and (a) the true Z that the Une itself 
makes with V. 

(b) Sboomi) Mvthod. If the line A-D be revolved || to V about an axis ± 

to H through D, the line remaining at the same Z with H and pt. D fixed, 
pt. A will describe a hor. arc, the top view of which will be the arc A^-A', and the 
front, the hor. A^-A'. In this position, therefore, the top view of the Une remains 
unchanged in length, while the front A'-D^ shows the true length of A-D and the 
true Z (b) that it makes with H. 

As all of the edges meeting in the vertex D are equal and equally indined to 
H, A'-D^ is the true length and (b) the true Z of all. 

A5j;ain, as all pts. in the revolved line remain on the samelevels, they describe 
similar hor. arcs. The true distance from D of any pt., as E on D-C, may, there- 
fore, be found by drawing a hor. from that pt. to the true length line A'-D\ as 
proved by the top view whidi shows E revolved into A-D". E -D^ is, there- 
fore, the true length of E-D. 

The figure also shows the line A-D revolved 1| to H about an axis J. to V, 
through D. A"-D" is, therefore, thetruelength and fc) the true Z of A-D with V. 

The line could in like manner be revolved about an axis through A. 
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Fig. 131 




72. Objects Ob- 
ttque to the Co-ordl- 
iiate Plane*. It fre- 
quently occurs that 
the axes of one or 
more integral parts of 
an object are oblique 
to those of the main 
portion, and, there- 
fore, to the planes of 
one or more of the 
views. Thus, in Fig. 
193 the left and right 
side pieces of the fahorct are nhliqrie to V and P; 
in Fig. 194 the braces (A) are oblique to V and ?T. 
and braces (B) to H and P (sec also bolts in Fig. 
182) ; in Fig. 199 the legs are oblique to V, H, and P. 

When the detail or part is 1| to V, H, or P 
only, its view upon that plane should, as a rule, 
first be determined, since that view only will 
show two of its dimensions in their exact size. 

When not || to either V, H, or P, it may, if 
necessary, be represented first as || to one of those 
planes and then as revolved to the required posi- 
tion ; or, the method of Art. 73 may be used. 

(a) In Fig. 131, (a) represents a rectangular 
prism II to V, H, and P. (b) repreewts this 
prism II to H but oblique to V and P, that is, 
turned backward at the left from the position of 
(a), through an Z of 30° about an axii^ J_ to H. 
(c) represents it |j to \ but oblique to H and P, 
that is, turned to the rig^t from the poati<m of 
(a), 30* about an axis ± to V. (d) represents it 
11 to P but oblique to H and V, that is, turned for- 
ward from the position of (a), 30** about an axis 
± to P. 

(b) By experimott with the actual object, it 
"nill be observed that the poeitions of its tines rela- 
tive to the plane to which the axis of revolutid?^ js 
± remain unchanped. Tt follows that the oljject 
without changing the form and dimensions of the 



may be turned through any Z 
view upon that plane. Thus, in Fig. 131, the top view in (b), the firont view in 
(c), and the side view in (d) are the same as the eorreeponding views in (a), 

save that they show the changed relation of the object to the planes to which 
the axis of revolution is |1. The views upon the latter planes change in outline 
with each position of the revolution, but as no pt. changes its distance from tlie 
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plane to whidi tike $ada it ±, the dimeiir 

sions II to the axis also roinain un- 
changed. Thus, corresponding pis. of 
the front and aide views in (b) and (a) 
are at the same diatanceB from the 6 L, 
and H T of P; those of the top and side 
views in (c) and (a) at the same distances 
from the G L, and V T of P; and those 
of the front and top views in (d) and (a) 
at theeame distances from the traces of 
P. Note Rule 8, Art. 74. 

(c) In determining the views of an 
object thus revolved, having located 
the G L and 'bsoes of cw equivalent 
reference lines*, draw the nudn axis 
or axes of the unchanged view at the 
rprinircd /s with the planes to which 
the object is oblique. (See lines A-A 
andB-BinFig. (b).) Measuring upon, 
and II to these axes, construct the view. 
From this view draw projectors to a 
second plane and set off upon them the 
unchanged dimensions [j to the axis of 
revolution, measuring from the trace of 
the first plane, or equivalent reference 
Hne. Joining the pts. thus determined 
will complete the second view. From 
these, the third may be obtained as in 
Art. 66. 

(d) In Fig. 132, (a) and (b) repre- 
sent the same prmm when oblique to V, 

H, and P. fa) represents it as turned to the right from tho position of 0 
Fig. 131, 30" about an axis J_ to V; (b) as turned backward from the position 
of (a), 30° about an axis JL to P. 

In detannioing these views the same principles apply as in the preceding cases. 
By assuming and representing an object in a primary position, as nearly as may 
be like that required, and then as revolved, any conceivable position may be 
represented. 

Observe tluit the side view in Fig. (b) was plotted from Fig. (a) by Art. 57. 

(e) In an object having curved surfaces, pts. must be assumed in the 
primary positions of the curves, as explained in Art. 68(c). Note applications 
of principle in Fig. 193. 




in 



*Ia practical work the traces and projeetoM an otnitted, M eipilaiMd in Art. W(g). 
flbown in Fig. 131 merely for iUuatmtion. 
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(f) Instead of representing each position separately, the required views may 
be obtained by revolution alioiit a C. L. of a primAxy position as in Fig*133(a)» 
or about an axis || to that U. Ld. as in Fig. (b)i 

73. Partial Views,aiid1Fse «f AnidlitfyVlews ia Determining Required Views. 

(a) Partial view?, and aux. views (views of revolvcti lines or surfaces, and 
oblique views) may frefiuciitly he used in place of t'omplcte or regular views 
and thus economize space and labor. Thus in Fig. 214 half of the top view 
would suffice to determine the required pte. of the front; in Fig. 153 a revolved 
half-base is used for the same purpose; in Fig. 147 half only of the side view 
of A and C is nprnssary; in Fig. 144 half of the oblique view would suffice; in 
Fig. 145 the revolved half-bases of (B) and (C) dispensed with a side view; in 
Fig. 146 a view X to the axis of (B) or a revolved imaginary O is necessary to 
determine poeitions of elements. 

(b) In representing objeots oblique to the co-ordinate planes, i»imary lio- 
sitions may be omitted and the missing dimensions of the required views deter- 
mined by the same general methods. . 



To illustrate, Fig. 134(b) represents a pentagonal prism with its axis and 
lateral edges IJ to H and at 30" back to the right witli V. Its bottom face also 
is II to H. Instead of representing the j^risui first as || to V and H as in Fig. (a), 
And then as revolved about an axis X to 11 until its lateral edges make the required 
Z of 30* with V, the representation of the first posttion may be omitted and 
the missing dimensions determined as follows: — 

First locate X-X, Y-Y, Z-Z, and Y'-Y' for tlio C.Ls. of the required views. 
Through tlio center of tlie top view draw V-V at 30" with Y-Y for the H T of a 
central plane containing the axis and W-W for the H T of a central plane X to 
V-V. Equally distant from the eenter and at a distance apart equal to Uie aada 
of the innsm, draw indefinite Xs to V-V for the bases. Now obtain an aux. view 
upon a plane || to the central plane W-W. The H T of tiiis plane would be || 
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to W-W, and the trace of the hor. central plane Z-Z, upon the aux. plane, would 
also be II to W-W. Hence, at any convenient distance from either base, draw 
this teace Z'-Z' and about its int^seetion with V-V construct the view, noting 
that as the lower siufiace of the prism is || to H, the line A-B will be || to Z^-Z', 
as shown. Projecting perpendicularly to W-W from this view, complete the top 




view. Project next to V and complete the front view, obtaining the distances of 
pts. above and below Z-Z by measuring from Z'-Z' in the aux. view. The missing 
dimension in this case could also be obtained by revolving a base || to 11, then by 
countor revolution projecting bsdc to the top view, as shown. 

In snne esses a view upon an aux. plane || to the central plane V-V, SS 
shown, would bo necessary instead of, or in addition to, that of the end. 
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Fig. 135 veprewDte tfae SMiie prism with its aaaa li to T and at 60* vp to the 
li^t with H. Its rear face also is [\ to V. 

Fit;. 136 rppresentft it with its aas ii to P and 30" fonvBid with V. Its kft 

face also ie u to P.. 




The mr-thods of abtainiiii; tho missing dimensions are identical with those of 

the preci'iiiiiK rase and are shown by the figures. 

(c) Fig. 137 represents the prism with its axis incUned up to right at 60° 
with H and in a plane at 45* back to left mth V. One of rear faces also is at 45° 
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with V. This is identical ?dth 

a revolution from the positlOD 
of Fig. 135, 15" aliout a vert, 
axis, but instead of represent- 
ing the prism first at 60° with 
H, as in F!g. 135, the work in 
this and similar cases may be 
shortened as follows:^ — 




X 



_1 



First locate the C '.Ls. X-X, 
Y-Y, and Z-Z for the required 
views. Throui^ the center of 



top vii'w draw U-U at 45* for <( 



the H T of !i ccnlral j^lane con- 
taining tho axis, and V-V A. to 
U-U for the trace of a central 
plane J. to H and to an aux. 
plane A 1 1 t o the axis. Huou^ 
any convenient point on V-V 



'It 



draw W-W at 00° with U-U as 
the C.L. of the aux. view, and 



ix 



about the intersection of V-V 

and W-W construct the aux. view as in Fig. 135. From these aux. views obtain the 
top view. Observe that this is identical with revolving both front and top views 
of Pip. 135, through an Z of 45°. Project next from H to V, and obtain the dis- 
tances of pts. above and below Z-Z by measuring from Z'-Z', regarded as the trace 
of the hor. central plane Z-Z upon the aux. plane. Connect the proper pts. to 
complete the front view. 

74. Bnlsa Govenlns ^ Pbsilioa of Linee and Stufaces Rdativtt to Anj Two 
PtopendJcnlsr Planea of Pkojectkm. 

(1) A line X t o a plane is || to the X plane. Its view upon the first is a pt.; ita yiew upoB the 
second Ls It line H !vn<l tniual to tho lino itself an i _1 1o ttic trare of f hnso |)]anr«. 

(2) A iiue oblique tu uuu plauL- and | X plane hits i(<s view upon tiie tirat a line ahurter 
than the line itself and || to the tra<-e uf those planes; tllO Z tlw othor view makM witll the tlttce ia 
equal to the Z the line itsolf niaki-a wilti (lie first plane. 

(3; A liue oblique to two ^ plaue.->ha5 it^ views up'iubuthshorterthan the line itaelfandueither 
vievv- shows the true length, nor tnie Zs the line itself makes with than plum. 

(4) The views of '[ lines are p unless tlieir vieus fninf'i''lr, or arc merely pt5. 

(5) A surface |i to a plane ia X to the ±. plane, lib \ ievv upon the first plane is a figure similar 
•ad equal to the surface itadf. Its other view is a line || to the trace of the planes. 

If)) A surface oblique to one plane and X to the X plane is foreshortened || to the trm e in its 
view upon the first. The Z the other view makes with the trace of those planes is equal to the Z 
the surface itself makes with the first plane. 

(7) The views of j' and eipial surfaces whose corresponding lines are || arc similar figures whose 
conespozuiing lines are equal aiid ||, unless the views coincide, or are merely lines. 

(8) Ti a line or figure be revoI\ eil from one position to another about an axis X to a plane, its 
view upon tliat plane reniaitis unelian^'ed in furin ami ({iiiiensions. In tlie viewupODS X plsoe tiie 
disttuioes of tiie ]>ts. from the trace of tlie planes abo remain unchanged. 
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CHAPTER VI 

plaub sscnoNs 

75. Principle and Hediods. If a plane be imagmed to intersect an object, 

the portion of the object lying within it is called a plane Mdwrn, and the plane 
a cutting or section plane, donoteci l>y ( '. F. 

(a) If the portion of ihr object hiding the section be imaffined as removed, 
the view of the remuimng portion or merely that of the section itself, upon a 
plane || to the C. P., is ealled a ueHonei view. A aectional view thus shows 
the sec. in its true shape. Such views are made in place of or in addition to 
external views to show the form, dimension, and arranp;cmpnt of hidden pnrts 
more clearly; to aid in determining the views of irrepidar, oldique, and inter- 
secting forms; and to enable the draftsman to dispense with numerous dotted lines. 

The figures of this chapter show sees, of geometric forms; practical appliea- 
tbns are shown in Chap. XI. 

(b) When a sec. is not |1 to V, H, or P, its true shape may be found by 
projecting upon an aux. plane || to the CP., as ia Art. 69; or by revolving the 
sec. 11 to V, H, or P, as in Art. 70. 

(c) The position of a C. P. is indicated in the view in which it is seen edge- 
vise; that is, by its trace upon V, H, or P. 

The section is graerally indicated by drawing |ls across it called section 
lines, usually at 45* up to the right. The spacing is dependent upon the sise 
and shape of the sec, usually tV", judged by eye. 

Avoid drawing the lines l| to the main lines of a sec. 

When a drawing is to be inked, it is not desirable to pencil the sec. lines, 

but the sectioned portion mnv ]>e indicated by a few lines sketched freehand. 
In views which »liow the true sliape only, sec. lines may, for economy of time, 
be omitted. 

(d) In obtaining a sectional view the teace of the P. is first drawn. This 

determines the pts. in which the C. P. cuts the edges, elements, or other lines 
of the object. Next project these pts. to the correqwnding lines in the other 
views, and join them. Tlien prnfeed as in (b), 

76. Objects Having Plane Surfaces. As the intersection of plane surfaces 
is a St. Une, it follows thai any plane sec. of an object bounded by plane surfaces, 
as a prism or pyramid, will be a polygon of 3, 4, or mem sides according as the 
plane cuts 3, 4, or more surfaces. 

(a) A Prism. Fig. 138(a) represents a ripht square prism with its lateral 
faces at 45° with V, cut by a plane A-B, ± to ita base and || to V. The pts. 
of intersection 1, 2, 3, and 4 with the top and bottom edges are, therefore, 
determined in the top view and then projected to the front. As the plane euts 
four ± faces, the see. is a rectangle; and, being l| to V, is shown in its true diape 
in the front view. 
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Fig. (b) reprpspnts the prisni in the same position, cut by a plane ± to V, 
but oblique to H and P. The pts. of intersection are, therefore, determined 
in the frontr view. 

Fig. (c) represents the prism with its vert, faces tit 30* and 00* with V, cut 
by a plane ± to P and oblique to V and 11. Thi» illustiatefl a caae in wluob 
the see. is not symmetrical with respect to a C. L. 




(b) A Pyramid. In Fig. 139 the C. P., D-E, cuts the lateral edges of the 
pyramid .'it 1, 2, 3, and 4. Pts. 1 and 3 may be projected to the top view in 
the usual manner; pts. 2 and 4, however, are in edges which are represented 
by vert, lines in both views. To obtun these pts. in the top view eillier 
of the following methods may be used. 

First Method. Draw a side view and transfer the distance 2^*4^ from it to 
the top view. 
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Second Method. Imagine the edge A-B to be revolved 1| to V to coincide 
with A-C. Then the front view of 2 will be at 1' and its top view at 2". If 
now the line A-B be revolved back- to ite original position, 2^ will be determined 
as shown; 4° may in like manner be fotmd. 

The CP., F-G, gives a triangular see. The method of finding pt. 7^ is evident 
from the prcfctting. 

77. Objects Having Curved Surfaces. 

(a) A Spheke. Any sec. of a sphere is a O whose center is in the diam. . 
of the sphere, X to the C. P. See Art. 2(n). 

In Fig. 140 the top view of sec. on A-B is thus a 0 whose diam.. is equal 
to 1^-2^. The front view of sec. on C-D is an ellipse. The intmection of the 




C. P. with the hor. great O of the sphere determines 3 and 4 in the top view. 

As the front view of tlmt O is in the hor. E-F, these pts. will be projected 
at 3^ and 4^, as shown. Intcnncdirito pts. of tlie curve may be found by 
determining pts. of intersection of the C. P. with other Os of the sphere whose 
planes are jj to either H or V. Thus, assuming a O parallel to Y, cutting the 
O of the see. at 5 and 6, these points will be determined in the top view and 
projected at 5^ and 6^ in the front. Again, assuming a hor. O to cut the sec. 
at 5 and 8, these pts. will be determined in the top view, and projected at 5^ 
and 8^. Note that the highest pt., 7, of the curve is that in which a hor. Q 
becomes tangent to the plane of the sec 

The assumed Ob may be regarded as lines of intersection given by aux. C. Pb., 
each of which cuts t!io plane of the sec. in a chord of both Os, as 5-6, whose 
end pts. are thus in the required curye. 
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The intermediate pts. of sec. C-D may also be found by the reverse of the 
mefhod of Art. 70. Thus the h:ilf spp. rpvolved 1| to H about diarn. 3-4 
determines the distance of pts. 5 and 6 from diam. 3-4, to be set off above and 
below that line in the front view. 

(b) A Ctxjndbr. Any see. 1| to the axia of a right cirotilar cylinda> is a 
rectangle, and a sec. || to the base, a O- See Art. 2(1). 

The Pcc. on A-B fFi^. I tl'i is an olhpse whose top view is a O coinciding with 
the view of the lia.se. T)t> ■-<•(•( ioiial vievv may he ol>tained as in Art. 69(e), 
or by deturmiuing pts. ol luicrseelion oi" the C. P. with elements, as indicated. 

The assumed dements may be regarded as lines of interaecUon given by auac. 
C. Ps. whic h ( lit the plane of the see. in lines, as 2-6 and 3-6, whose ends are thus 
in the required curve. 

(p) A Cone. A sec. through the vertex and base of a riglit cireular cone is 
a A; a sec. JL to the axis, a O whose center is in the axis of the cone. See 
Art. 2(m). 

The oblique sec. (Fig. 142) is an ellipse, pts. for the top and sectional views 
of which may be obtained by determining the pts. of intersection with elonuuts 
of the cone. A more accurate method is to assume a number of Os of the cone 
to cut the sec. These will be l| hors. in the front view and Os concentric with 
the O of the base in the top. Thus, drawing the front view of a O through 
any pt., as 1^, 3^, and projecting from 1^, 3^, to the top view of the O, pts. 
l*^ and 3^ will be determined. 

The vert. sec. being ± to both V and H has both front and top views a st. 
line, but being H to P will show its true shape, a hyperbola, on that plane. 

The C. P. cuts tiie right element at 2 and the 0 of the base at 4 and 5, which 
pts. may be obtained in the sectional view in the usual manner. Intermediate 
pts. may be obtained by use of elements, but it is more accurate to assume other 
Os of the cone, to intersect the sec. Thus a O cutting the sec. at 6 and 7 
determine the distances of those pts. from Ae C. L. in the top view. 

The assumed elements and Os may be regarded aa lines given by aux. C. Fs., 
as in the case of the cylinder, Art. (b). 
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CHAPTER .Vn 



INTERSBCTION OF SURFACES 



78. Principles tnd Mefliodi. The line or lines in which the surface of one 

integral part of an object intersects that of another part is called a line of inier- 
tfction. This line joins the pts. in which the edges, elements, or other lines of 
each part meet the surface of the other, as is evident from Figs. 144(a), 145(a). 
The problem, therrfore, in determining the line of intersection is to find tlie 
pts. of intersection of the edges, or of a sufficient number of othw lines, with 
the surfaces, and to draw the Hno through the pts. thus found. 

(a) The pt. of intersection of a line and a surface is determined in the view 
in which the surface is seen edgewise or as a line,and then projected to the other 
view of the line precisely as in finding the pts. of a plane section. * 

Thus, in Fig. 143, line A-B intersects the front face of the object at 1, as 
determined in the side view, for if it be assumed to intersect the left side face, 

pt.C would be seen in the side view to come 



Fie 143 




above the object. A-B also intersects the 
right tide face at 2, as determined in the 
front view. 

When the intcrscctpd surface is not shown 
as a line in either of the required views, an 
auz. view which will so represent it may 
sometimes be used. The pt. of intersection 
of any line and surface may be determined 
by passing a plane through the line, A. to 
the plane of either of its views. This C. P. 
cuts the given surface in a line in which the 
required pt. of intersection must lie, for both 
lines are in the same plane. 
Thus, in Fip. 143, a plane ± to H and P gives a sec. 3 4 5 G, and as the lines 
of the sec. are in the surface of the pyramid, pts. 1 and 2, in which A-B intersects 
them, must be the required pts. Similarly a plane j_ to \ , gives sec. 7 8 9 10. by 
which 1 and 2 are determined in the top, or side view. 

(b) It is evidoit that a plane which cuts both intersecting parts of an object 
would give a plane sec. of each, and the pts., if any, in which the lines of these 
sees, intersect, being in the surfaces of both parts, must be pts. in the required 
line of intersection. By assuming a series of such C. Ps., any desired numbeAOf 
pts. may be found. 

The position of the C. P. should, when poflsiUe, be so ehoson that the see. 

of each part is one readily obtained. 

(c) In problems involving intersections, hrst draw each part as complete as 
possible in itself, that u, withont regard to its intersection. Next obtain the 
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pts. of int«raeo1ioii of the edges or elements which can be directly deteraoined 
in either of the views; then thoee whoee pts. must be found by uu uns of C.Fft^ 

or aiix. views. In finishinjj, only surh lines should be rendered ae ed^8 or 
outlines as represcot the edpes nr outlines of the object us ii whole. 

79. Objects Having Plane Surfaces. Fig. 144 represents the intersection 
of a triangular pnsm {A) and an oblique hexagonal prism (B). The lateral 
«dges, A-B, C-D, E-F, etc., of (B) intersect the left vert, surface of (A) at 1, 

8, 5, 7, 9, 11. As this surface is seen as a line upon both V and H^thepts. are 

determined in Ijoth views, and since all the pts. lie in the same phnnp as that 
of the surface, the line of intersection is simply the outline of a plane sec. of 
<B). In this case it is aa irregular hexagon which would be seen in a side view. 




The edge A-B intersects the upper surface of (A) also at 2. As the surface 
is seen as a surface upon I! and as a line upon V, pt. 2 is determined in the front 
view and then projected to the top. Edgea C-D, E^F, i-J, and K-L intersect 
the front and rear surfaces of (A) also, at 4, 6, 10, and 12, respectively. As 
these surfaces are seen as lines upon H, the pts. are there determined and then 
projected to the front view. Edge G-H and the right vert, edge of (A) are in 
'the same plane !| to ^' and thus seen to intersect in the front view at 8. 

Points 13 and 14 in which the hor. edges of (A) intersect the surfaces of (B) 
are not directly determined in either view, for neither of the intersected surfaces 
is there seen as a line. By obtaining an am. view upon a plane ± to the axu 
of the oblique prism, the intersected surfaces of the latter will be seen as lines 
D^-B* and T^*-r* ;tnd the pts. of intersection of the edges of (A) determined 
at 13^ and 14*^ as shown. These pta. may then be projected to the front view. 
Jt is ohviously unnecessary to draw the complete aux. view. 
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When the preceding method is not convenient or possible, the pts. may 
found by means of a C. P.; thus, if the plane of the hor. surface containing the 
edges be assumed to intersect (B) it would g;ive a sec.^ the intersections of whose 
ddes with the edges of the hor. surface determine 13 and 14 in the top view 
as shown. Agpin^ if the plane of the front surface of (A) bo assumed to intersect 
(B) it will give a see., the intersection of a aide of which with the front hor. edg& 




of (A> df toniiiiics pi. 13 in tlio front view. I't. 14 cauld in hke manner be found. 
It is evident that merely those lines or portions of the sees, which determine 
the required pts. need be drawn. 

80. Objects Having Curved Saifaces. 

(a) Fig. 145 reprments the inteiw 

section of two circular cylinders (A) 
and (B) and an equilateral trian trular 
prism (C). The line of intcrsectiou 
of (A) and (B) is determined by the 
pte. of intersection of the demente 
of one cylinder with the surface of 
the other. Thus P>, D, F, and H 
in whicli the upper, front, lower, and 
rear elements of (B>iaieisect (A) are 
detenmned in the top view, for the 
cylindric surface of (A) is tbnre seea 
as a line (circle). 

Intermediate pts. mny he found 
by assuming intermediate elements 
of (A) in a aide view, or of (B) as 
diown; the positions ci the etementa 
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of th" latter being transferred from top to front view by meooB of the revolved 

hail- base, Art. 73, 

Note also that C. Ps. 1| to the axes of the cylinders would cut elemeiitii of 
both, which intersect in pis. of the required curve. 

The views of priam (C) may be determined by means of a side view, or a 
revolved half -base as shown. The pt?. of intersection of tlic hor. pdp;es with 
cyhnder (A) are determined in the top view. Note that the rear surface inter- 
sects the cylinder ia an element. The inclined surfaces intersect (A) in elliptic 
curves, intermediate points in which may be found by assuming elem^ts of 
the i^Iinder and determining their intersection with (C) in a side view; or by 
assmninK lines upon the prism '| to its axis. Thus tt hor., 5-6, intersects the 
cylinder at 5, determined in the top view. 




Apnin. n C. P. \\ to the ax(«i of (A) and (C) would give an element of fA> 
and two hues of (C) whose pts. of intersection must be in the required curve{> 
as shown. Note that pts. 9 and 11, in which the direction of curvature changes, 
are at the intersection of lines 9-10 and 11-12 with the right dement of (A). 

(b) la determining the curve of intersection of cyhndcrs (A) and (B) in Fig. 
146, the same methods would be used as in f A) ;uid (B) of Fifr. 145. 

Equidistajit elements of (B) may be determined by an obhque aux. view, or a 
revolved half-^ec. tsken ± to the axis, as shown. 

(c) In determining the intersectionB in Fig. 147, the C. Ps. may be taken 
horizontally, or through elements, as shown. If cylinder (c) were oblique, an 
oblique aux, view could be used. 

{,d} The simplest method of determining the intersection in Fig. 148 is to 
pass C. Ps. through the elements of (B). The sees, of (B) will thus be Ab and 
those of (A) ellipees, or other curves. 

(c) Fig. 149 represent.s a form similar to the stub end of a connecting rod. 
The highest pts., B and D, of the curves, in which the bell-shaped neck of the 



Digitized by Google 



70 



ESSENTIALS OF MECHANICAL DRAITING 



cylindric portion intersects the rectangular, are directly determined in the front 
and side views, and will be seen from the plan to be the pts. in whicli circular 
8808. become tangent to the sides oi rectangular sees, like lowest pts., A, C, 
IE*, and F, lie in the O through the comers of the rectan^e and, therefore, located 
in the front and side views by projecting from the plan to the COrreBponding 
views of that O, which are obtained as shown. 

Other pts. are determined by intermediate C. Ps. Thus plane G-H gives 
a O which cuts the leetangle at 1, 2, 3, and 4 of the required curve, which are 
loeated in the other views as in the preceding. 
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DBVELOPHBHT OF SURFACES 

81. Principles and Methods. A devdopmerU is the representation of tbe 
Burfaoes of an object as laid out, unfolded, or unroUed into the plane of the draw- 
ing. T\w ()iH;ration is suggested pictorially by Figs. 150 (a), (b). A develop- 
ment thus shows the exact area of all surfaces of the object and thr- exact length 
of everj' line of those surfaces, Fig. 151. Plane, cylindric, and conic surfaces 
only can thus be developed. Surfaces of double curvature and wari)ed surfaces 
nuqr be devebped approximately by assuming portions to be cylindrio, oonicj 
or triangular. 




Developments are made to determine the shapes of surface patterns required 
in ccmstructing objects of sheet metal, cardboard, etc.; to plot groove outlines 

for cylindric cams; and to obtain templets or patterns for irregular surfaces, etc. 

(a) To oBTAix A DEVELOPMENT. First dmw the views from which the 
measurements of the lines can be made. The surface may be imagined as opened 
on any lines but its different parts diould, so far as practicable, be represented 
as attached to each other, — each being so placed that if the dev. were cut out 
upon it5; miter line and properly bent, it would form or envelope the object, 

.surface for surface, line for lii>e. 

In obtaining lengths from the views, transfer the measurements with dividers. 

Remember that a Une shows its true length only upon a plane to which it 
is ||. If not thus shown, its true length must first be determined. The dev. may 
be placed in any convenient position. In some cases it is possible to place it 
so that one set of dimensions may be projected, as in Fig. 151. It is sometimes 
desirable to attach it to some hue or lines of a view (Figs. 154, 159-161), prac- 
tically as revolved about those lines. 

(b) The reproduction of forms in thick paper, by cutting and bending devs., 
will prove nn excpllcnt aid to corrprt sohitions. The surfnres may be held in 
position by providing paste lap- f-f'«' Fig. 1.")!) or by iisinfi p:iimraed binding. 
To obtain neat edges the folding lines should be hghtly scored with a sharp- 
pointed knife. 

n 
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(e) In practical work, allowance must bo made for leama, laps, thicknesB 

of material, etc. Eronomy in cutting is alj^o important. 

Material for doulile curved, or warped surfaces, is cut to patterns of assumed 
cylindric, conic, or triangular portions and then beaten, pressed, or stretched to 
tlie lequired form. In some caaes the material is stamped by dies, or spun to 
form in a lathe. 

82. Objects Hsvbig Plane Stufoces. 

(a) Prisms. The dev. of a right prism consists of two similar polygons for 
the bases and many rectangles as the prism has sides. In obtaining the dev. 
of the hexagonal prism (Fig. 151), observe that the lateral edges are \[ to V, and 
the base edges to H. The front and rear base edges are also || to V. 

First set off the true lengths of the lower base edges upon a line, A-A. At 
pts. A, B, C, etc., draw _Ls. Upon these set off the lengths of the vert, edges 
and connect the pts. to complete the lateral surface. Attach the bases to any side. 




To deydop the prism after the portion above an oblique C. P. has 
been removed, obtain base line A-A, lower base, and J.s as in preceding. Now 

assuming!: the surface to be opened from edge A-1, this edge will be the outer 
verts. A-1, in the development. Beginning with A-1, transfer the lengths of 
the verts, to the corresponding lines in the dev. Similarly transfer lengths 
oS base edges G-4 and to the hot. through Q. The lines joining 1, 2, 3, 4, 
and 6, 6, 7, 1 will be the dev. of the line of intersection of the C. P. with the 
lateral surface,and must, therefore, agree in length with the corresponding Unes 
of the sectional view. Such hnes should always be ctunjiared with dividers. 
The method of obtaining the portion G4'5 of the upper base is evident. To 
complete the dev., draw a figure similar and equal to the true shape of the oblique 
surface by Art. 56, attaching it to any nde, as B C 3 2. 
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(b) Pyramids. The dev. of a right pyramid consists of a polypdn for the 
base and as many As as the pyramid has sides. The slant edges uf the rect- 
angular pyramid (Fig. 152) are equal, but are not projected in their true length 
in dtber view. Aasuining tiie mi^aoe to be opened from one of these, obtain its 
true length as in Art. 71 , and with this as rad., describe an indefinite arc DEBCD.* 
Upon the arc set off the successive lengths of the base edges. Join these pts. 
and each to the center A, the vertex, to complete the lateral surface. Then 
attaeh the base. Or, lay off first one side of the base as £-B, and with E and 
B as canton and the true length of the slant edges as rad., describe area to inters 
sect at A; then procerc! as in preceding. 

SincR the altitude of each side is ± to a base edge, the vertex A could be 
detcnnined by setting off the true length of an altitude, as A-F, X to its corre- 
spoudmg base edge E-B, as indicated. 

In pyramids whose inclined edges are not equal, it is necessary to obtain 
the true length of each separately, and to construct the As by Art. 37, joining 
them on their common sides. 



To develop the pyramid (Fig. 152) when truncated, first obtain dev. of entire 
pyramid. Then obtain the true distances of pts. 1, 2, 3, and 4, from the vertex, 
or base (Art. 71). Set off these distances upon the corresponding lines in tlte 
dev. and join the pts. thus found to complete the sidee. Finally, copy the true 
shape of the top surface from the sectional view, attaching it to any ride, as 



83. Objects Having Cylindric or Conic Surfaces. 

(a) Ctundbrb. Since the elements ol a right circular cyUnder are equal 
and ± to the bases, the dev. of the curved surface (F!g. 158) will be a rectangle 
whose height is equal to the length of the .elements, and base equal to the length 



The length of the base edge may be obtained as in Art. 32, and laid off 




BC21. 



of the circumferenre. 
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upon a lino A-A. At the ends of this line draw j.8 and comi^Ate the rectangle. 
As cuch of the bases would touch the dev. of the curved surface at but one 

pt., it iH not necpfsary to attnch fhora. 

To flevelop the curved surface when cut off on hne 1 23 4 1, obtain base 
Line A-A, divide it into 12 or 24 equal parts according to the number of elements 
assumed upon the cylinderi and through the pts. draw ±s. The length dS the 
cut elements may then be transferred from the front view as in the case of the 
edfi,ca of a prinm. The curve traced through 1, 2, 3, 4, 1 will complete the lateral 
surface. See Art. 18(a). 

When, as in (B) Fig. 159, neither end is a 0, both will develop as curves. 
It is oecoesaryr therefore, to assume some O of the surface whose development 
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may be used as a base line 

upon which to set off the true 
distances between the ole- 
menta and from which to set 
off their lengths. Such line 
may be obtained by a C. P., 
a-E^, taken ± to the ele- 
ments as shown. See also 
Fig. 160. 

Fig. 154 illustrates the 
dev. of an object with cy- 
lindric curved sides. The 
tnie distances Vxtweeti the 
elements of surfaces (A) 
and (B) are detwmined 
upon A-E and L-0 in the 
t'h'vation and their lenpths in 

the plan. The (hstances between tlie el<>nients of (K) and (F) an^ identical with 
those of (A) and (B). To determine the true distances between the elements 
of (C) and (D) it is necesaary, since these donents are not ± to Y, H, or P» 
to obtain the profiles of (C) and (D) by aux. views or aeos. upon planes ± to the 
dements, as indicated. 

(b) Cones. Since the elements of a rij^ht circular cone are of equal length, 
the dev. of the curved surface (Fig. 155) will be a sector whose radial sides, A-D, 
are equal to the true Imigth of an elem^t and whose are, D-D, equals the length 
of the circumference of the base. To determine the length of thi a ;, obtain 
•ft or of the base circumference and set it off 12 or 24 times in the dev. 

To develop the portion lielow the parabolic sec, obtain the base arc D-D, 
divide it into 12 or 24 equal parts according to the number of elements assumed 
upon the cone and draw the elemrato. Then find th«r loigths when eut off, 
as in the case of the pyramid, Art. 82(b). 

Since the left element is |1 to V, the true distance of pt. 1 from the vertex 
A \9, neen in the front view. The true distances from A of intermediate pts., 
as 2 and 5, are not seen in either view, but as the elements of the cone are equal, 
hors. from these pte. to A>B will determine upon the latter the required distances. 
(See Art. 71(b).) Having transferred these to corresponding demits in the 
dev., trace the curve throuprh them. 

The method of developing a right circular conic surface whose ends are not 
in planes X to its axis is evident from Fig. 161(b). 

In a conic surface other than right circular as in Fig. 156, or one whose vertex 
is inaccessible as in Fig. 161, it is necessary to assume the surface to be composed 
of plane As whose sides are elements and whose bases are short chords of the base 
of the cone. The method, called devdopment by triangulaiion, is thus identical 
with that used in developing a pyramid with unequal slant edges. Art. 82(b). 

To develop the oblique elltpj^c cone (Fig. 156) obtain equidistant elements 
as diowtt. Assuming the surface to be opened upon A-D, tlie line A-B will be the 
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C. L. of the dev. and may be drawn directly at A'-B', equal to its true length 
A^-B\ Th« true lengths of elements A-1, A-2, etc., may be found by revolving 

them H to V. To avoid confusinp; the views, howovor, a separate diagram of true 
lengths may be constructed. The true length of any element will be the hypot- 
enuse of a right A whose base is equal to tlu^ length of that element in the plan 
and its altitude equal to the vert, height of one end pt. above the other in the ele- 




vation. Hence, draw A-X ± to the ba^: li i n 1 r u d (o th^ altitude of the eone; 
then lay ofT X-1, X-2, etc., equal to A"-1", A'^-T\ etc., and ronneet pta. 1, 2, 
etc., to A. Observe that this is equivalent to revolving the elements ii toP. Now 
with A' as center and rad. A-1 draw an are aeroes A '^B'; with B' as center and 
rad. B"-1^ intoseet this arc at 1'. Then A'-l' will be the developed position 
of A-1. Continue this operation until all elements have been determined and 
trace the curve B'1'3', etc., through the base pt>?. as indieated. 

The figure also illustrates the method of developing the cone when truncated. 
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M. Objeeto Havinc DoiAte Comd, or Warped Stntecet. 
(a) Fig. 157 Uluatntea the method of developing a douUe curved suifMe 
by assuming portions, as A 7. 8» to be ogiindrici alflo by anguniing portions between 

the O 8 to be conic. 

Fig. 158 illustrates a transitioa piece of piping, A, whose surface is warped, 
being neither igrlindrie nor oonie. Suoh surfooes ean be devdoped aiqproad- 
mately only, by triangulatioiL Art. 83(b). 




Fio 156 

The surface may be divided into 
measurable As as shown. In tiie plan 
divide half of the base and curved aid 
of the top edge into the same number 
of equal parts, at least six. Observe 
that as the phines of both edges are ob- 
lique to H, each must first be revolved 
II to H, or y, and then baok to its 
obliqae position. Join the corre- 
sponding pts. in each with full lines 
1-A, 2-B, etc.; also draw lines 2-A, 3-B, 
etc., dotted for contrast. 

Next oonstniet the d&»gnm (a) for 
the true lengths of the full lines, noting 
that neither the upper nor lower pts. are on the same levels. Similaily oonstruot 
diagram (b) of true lengths for the dotted lines. 

As tlie surface is symmetrical about the C. L. 1-Y, the line 1-X may be drawn 
diiecUy at I'-X' in the dev. (e)» equal to its true length T-X^ With 1' as 
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center and rad. 1-A of dia^rnm fa) describe an arc across I'-X'. With X' as 
center and rad. X-A of the plan, intersect this arc at A'. Then I'-A' will be the 
developed position of line 1-A. With A' as center and rad. A-2 of diagram (b), 
describe an arc. With 1' aa center and rad. 1-2 of the revolved baaei intersect 
this arc at 2'. Then A'-2' will be the developed position of line A-2. 

With 2' as center and rad. 2-B of diagram (a), describe an arc. With A' 
as center and rad. A-B of the revolved top edge, intersect this arc at B'. Then 
2'-B' will be the developed position of 2-B. Continue these operations until 
an points have been determined and complete the dev. as shown. 

85. bitefsecting Stufaoes. In tnt««ecting parts of an object, the line of 
intersection being common to both surfaces will be developed in each. As 
this line is determined by the pts. in which the edges, dements, or other lines 




of each part intersect the surfaces of the other, and the dev. gives the true Imgth 
of every line of every surface, it follows that these pts. may be found by trans- 
ferring the true )eng:th8 of the lines which determine them in the views, to the 
corresponding lines drawn in the dev. 

. (a) The lateral surface of (B) (Fig. 159) is developed as explained in Art. 
83(a). The dev. of the rear half only is shown and is attached upon element 
A-B for convenience in transferring lengths. The distances between the elements 
axe seen in the revolved sec. of a-E^ and transferred to the base line E-a, as shown. 

(b) The method of developing the lateral surface of (C) is evident. Lines 
as 1-2 and 3-4, which give intermediate pts. of the line of intersection, are found 
by obtaining their true distances from the |i edges in the revolved eee., and 
tiieir true lengths, from &th^ the front or top view. The dev. of the upper 
hall only is shown. 
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(c) To devctop tbe lateral surface of (A), first obtain tiie dev. of the eatiie 
■urfaoe^ that is, a rectangle (rear half only is shown). Assume surfaoe to be 

opened from right element. This element cuts the surface of (C) in T and M. 
The opposite element cuts the surface of (B) in F and B and will be in the center 
of the dev. From theue elements the positions of the other elements of (A) 




vhieh cut the surfaces of (B) and (Q may be determined. The distance of 
these elements from the outer elements are seen in the top view, and the distances 
of their points of intersection from the bases of (A) are seen ui the front view. 

(d) Fig. 160 illustrates a pipe elbow with conic and pyramidal flanges; Fig. 
161, two other common fonns, the meHioda of developing whieh are indicated. 
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MBCHAinCAL PICTORIAL DRAWINGS 

86. Character and Purpose of the Drawing. It hus bcon noted that two views 
at least are required to show the exact form, size, and relation of all lines and 
surfaces of an object, and that two only of ith three dimensions can be shown 
in thdr aetual proportion and rdation in ono view. It is sometimes necessary, 
boweva*, to represent an object or detail by a single oblique view haying a more 
or less pictorial effect, while at the same time sliowing the relative proportions 
of its principal lines or dimensinns to a scale. Compare Figs. 162 (a), (b), (c), 
etc.; 163 (a) and (b); 169 (a) and (b). 



Fig. 162 

(a) (b) (c) (d) 




TRUE PICTORtAL RCPRESEMTATI0N5 



Such representations are made in place of or supplementary to the usual 
views for the purpose of general illustration, or to describe details of machine, 
furniture, and building cons^otion and assembly more direetly and dearly. 
They are also extensively employed for catalog ^lustrations and Patrat Office 

drawings. 

The methods ordinarily iisefl are those of Jmmetric Projection and Ohliqne 
Projection, the choice depending upon the form of the object and .the particular 
effeot 'desired to be given. A drawing made by either method is never a true 
picture, since || lines are always represented ' by Us as in orthographic pro]., 

M 
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-while in a tnie pietoml lepieeentatioii the apparait convflnsraee of feoeding 
lis 19 shown. Henoe, such drawings o£ten give an unaatirfactory effeet of 
distortion. 

87. Isometric Projadion. If a cube, placed as shown in Fig. 162(a), be 

turned 45" about a vert, axis, then forward until the diagonal of the cube 
through A is X to V, all of the edges will be equally inclined to that plane, and 
being equal in length their projs. upon it will be equal. Such view is an wmetric 
(equal measure) projection of .the cube. (See Fig. (b).) 

When a rectangular object is thus related to the pUme of proj., it will be 
eeen that each of its edges will be || to one or another of three mtttuaUy X lines, 
as A-B, A-C, and A-D, which correspond in direction to the axes or principal 
dimensions (1, b, and t) of the object. These lines are called the isometric axeSf 
and their projs. form equal Ze ci 120* about a pb A. All lines of the object 
coinciding with or 1| to the Iflometrie axes are called immetrie Unea; all otheta are 
non^sometrie lines. The planes determined by the isometric axes and all planes 
II to these are called immdric planes. 

Note that isometric lines only, make eqiial Zs with the plane of proj.; hence, 
equal distances upon such lines only will be equally foreshortened in the view. 

(a) Instead of obtaining the view by the methods of Art. 72, an isometric 
is usually constructed by setting off the limiting pts. of the lines directly upon 
isom. lines and joining the points thus determined. Measurements must never 

be made upon non-isometric lines. The foreshortonint? of the isometric lines, 
which is about .81 of full size, is usually disregarded and the measurements 
made equal to the true lengths of the corresponding lines of the object, or to 
M>me othm common scale. 

One of the axes is usually assumed as vert.; the others, therefore, are at 30* 

with the hor. direction, as in Fig, 162(b). When the lower surrace of an object 
is to be visible the axes arc reversed. Invisible lines are omitted unless they 
give necessary information. 

When dimensions are given, the dimension and extension lines inu8t be 
jsometrie. See Fig. 163. 

In general, Beeti<His and breaks should be taken in isom. planee. See Figs. 
164, 170, 104; also invisible section, Fig. 165. 

88. To draw the isometric of a rectangular object. 

(a> A Cube. Fig. lt)2(b). From any pt., us A, draw indefinite lines A-B 
and A-C at 80* and a vert. A-D. Upon these set off the given dimensions of 
the object to the desired scale. Since each edge is |' (o one or another of the 
isom. axe?, it will l^e |! to the corresponding line ni the drawing, and the rep- 
resentation may be coinpli'ted as show ii. It is evident that the isom. could be 
started from any assumed pt., as D or E. 

(b) An Object with Rectamotji.ar Details. Fig. 163. Starting at any 
pt., as A, draw the isom. of the bottom board (A), obtaining all measurements 
from the front and top iriewe. 
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Details must be built up from the surface or surfaces which they intersect. 
Thus to draw l^ock (B), locate a comer, as E, and draw the line of interaectioii 
E I 2 3 ; then proceed practically as with (A) . 

To draw (C), one of its lower corners, as F, must first be located iipnn the 
top face of (A) by iiiraiis of cu-nrHitiritf^ 1^-4 and 4-F; that is, by measuring the 
distance of F from B along 
lines which will be |1 to 
two of the isom. axes. To 
draw the recess in the front 
of (C), locate a corner, 
as G, by co-ordinates F-o 
and 6-G, and proceed as 
before. Corner H J8 de- 
termined in like mann^. 

80. To draw the iso- 
metric of an object involv- 
ing non-isometric figures. 
The form and position of an integral part of an object are frequently such that 
some <Mr all of its lines will be noi^isoiiu Sudb lines are detOTmined in the isom. 
by eo-ordinates |t to two or to all three of the axes. 

(a) Straight Lines. In Fig. 165 each of the inclined lines in (a) will be 

oblique to two of the axes* and liciue dctennincd by co-ordinates || to those 
axes, as shown. Sec also obUque hues in Figs. 171, 172, 194. 

In Fig. ibb the line 
A-B will be oblique to ^ | (a) 

the three axes. The end 
B,was located in this ease 
by eo-onliiiatcs A-1, 1-2, 
2-B II to those axes, The 
end pts. of C-D were de- 
termined in like manner. 

(b) Polygons. In Fip. 
167 two sides only of the 
hexagon ABCDEF will be 
isom. Eaeh pt. may be 
referred by co-ordinates 
to two of the isom. axes, 
as in {a), or to the sides of a circumscribing rectangle whose sides will be l| 
to those axes. 

By placing this rectan^e with one of its lines || to or coincident with ita 

isom., one set of dimensions may be {projected to the required figure, as shown. 

fc) CuKVEs. The method of determining a curve in an isom. drawing is 
identical with that of a rectilinear figure save that, in the absence of vertices, 
pts. must be assumed in the curve and referred to the axes, as illustrated in 
Figs. 168(a), 169, 170. 
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The projection of a Q in an isom. plane is an ellipse, in detennining which 
it 18 eonrenient to circmnscribe a square. Hg. 168(a). Aa the axes of the ellipee 

coincide with the diagonals of the isom. aqiuure» their end pts. 8, 6, 5, and 7 could 
be deter iniiiol by ( o-ordinates and the curve described by Art. 64(b). See 
also Art. 04 td), Note 2. 




Fia 166* 



An approximate method of drawing the ellipse by circular ara, which is 
usually sufficiently exact, is shown in Fip. 168(b). The centers are the inters 
sections of ±8 to the sides of the square at the middle pts. 

The application of this method to the rounding of oomen ia shown in Ftg. 
169. The oonBtniction at D detwrninee the radii for aQ. 

To draw a curve not in an isom plane, as A-B (Fig. 170), determining pte.P 
must be located by co-ordinates || to the three axes, as indicated. Screw 
threads are usually represented conventionally as in Fig. 173. 




(d) Solids. The method cl drawing an object by inscribing it in an isom. 

solid is evident from Figs- 167, 171. When it cannot be thus inscribed, pts. 
must be referred to the axes as indimted in Fip. 166. 

In order to preserve the symmetrical appearance of the piece in Fig. 172, 
it was necessary, either to draw the top view turned through 45", or to take the 
hor. measurements for the groove oentm on 45' lines instead of on hors. and verts., 
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as shown. Observe that the outer elemcnte of conic surfaces would be tangent 
to the ellipse and not drawn to ends of the axes. Sec A and B, Fig. 173. 

To determine the outlines of surfaces of doubie curvature, obtain a series 
of BeoticHis and draw the required curve tangent to the isonu of these, as indicated 
in Fisi. 174, 176, also 149. 

90. Oblique Projectloii. An oblique pfojection is obtained by means of 
(I projeeton oUique to the plane, the object heiag so placed that two of its 

axes or principal dimensions are || to the plane. In the case of a rectangular 
object, as a cube, the view, therefore, gives the true shape and size of its front 
and rear faces and two dimensions of the object. All lines ± to the plane are 
projected as || lines whose direction and lengths dep^d upon the diMOtion of 
the projectors. They are usually drawn at 30*, 46% or 60% up or down to left 




or right, and made equal to the full scale length ci" thp forrespondino: liivs of 
the object as in Fig. 176, or foreshortened, usually hall, as in Fig. 177. The 
latter gives a better pictorial effect, but requires the use of two scales, as is evidmt. 

When the receding Xs are foreshortened one-half and indined at 46*, the 
view is sometimes called a cabinet projeclion. 

The axes in oblique proj. are thus a v(>rt. A-B, a hor. A-C, and a line A-D 
at 30', 45°, or other Z . Measurements must be made only upon tiiese axes 
or lines || to them. Curves, and lines not || to the axes, must be detearmined 
by co-ordinates || to the axes, as in isom. drawing. 

A circle not |j to the plane <tf proj. will be projeicted as an ellipse, which may 
be obtained as in Art. 89(c). 
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An obvious advantago of oblique proj. over isom. lies in the possibility of 
representing certain curved and irregular surfaces in their exact shape and sixe. 
See applications of principles in Figs. 178, 181. 





91. Shade Lines, Shadow Lines, and Line Shading. In finishing, visible 

edges between light and dark surfaces are frequently shaded, as in Figs. 162(b), 
164, 167, 169, ITSia). The indication of these shade lines adds relief to the 
drawing and increases its pictorial effect. 
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In iaometric drawing the rays of light are assumed || to the plane of proj. and 
at 80* down to the rigbt. Hoioe, all rectangular objeots and parts, whose lines 
ue II to the axes, have that shade lines in the same relative positions as in the 

cube. Fig. 162fb). 

In oblique proj. the rays are assumed [[ to the diagonal, C-E, of the cube. 
Fig. 162(c). 

In detenninii^ the shade lines, the shadows are disregarded. Elements of 
curved surfaces are generally not shaded. £dge8 of oylindric surfaces may be 
shaded as in Figs. 169, 178(a). 

Instead of shade lines, shadow lines may be appUed as in Art. 23. (See 
Figp. 171, 178(b).) Another method is to shade the nearest edges as in Fig. 172. 
Line shading nwy be applied as in Art. 24. 
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CHAPTER X 
WORKING DRAWINGS 

92. Character and Purpose of the Drawing. A working drawing is a mechan- 
ieal drawing, containing all information as to form, dimensions, conatmction, 
material, finish, etc., necessary to the workman or medianic in making or 
building the object which it represents. See Art. 1. 

To convey this information readily, the drawing must be accurate; as 
dear, simple, and direel as possible; and in aoctmlanee with shop and drafting 
practice. It must «q>res8 the idea completely and definitdy and contain noth- 
ing that is unnecei^ry, ambiguous, or misleading. In commercial drafting 
utility of the drawing and economy of production are the ends sought for in 
all cases. 

Hie nature df the views of which the drawing k composed is explained in 
Chap. y. 

93. Types 9( Drawings. In complicated objects composed of different 
pieces or parts, certain features would inevitably be hidden or not dearly shown; 
hpnoe, in such cases, two types of drawings are required— namely, (general or 

assembly dra mngs and detail drawings. 

(a) The purpose of a general drawing (Figs. 179, 184, 185, 202) is to illustrate 
the design of the subject as a whole and to show the relative ixMitions of the 
different pieces composing it. It may include the complete desiBription of some 
or of all of the pieces, or prive merely such information as may be nece^sarj' in 
assembling them or ercctmg the object. As a rule, it should be as free from 
representaticm of minor detaO and hidden parte as possible. 

(b) A detail drawing (Figs. 180, 203-206,210-213) shows each piece by itadf 
and gives all inforniation necessary for making it. In simple objects, full 
instructions would ordinarily be given in a general drawing, sometimes called 
a detailed assembly. See l*ig:5. 179, 184, 185. 

Note. — The table shown in Fig 179 was separately detailed (Fig. 180) for purpose of compariijon 
with tbe sMMcai diawing and to iUnattate «ntMii methodi of ammgnrMnt, dimMMkniiig, oCo. 

Detail drawings may 1 I own on the same slieet with the assembly, grouped 

on separate .shocts, or oacli pivw shown on a sIuh'I l>y itself, depending upon 
the character of the object, size and ntlTnlu>r of parts, ftc. In fjeneral, details 
of the pieces uf uiie part uf aa object :>iiuuld be gruuped apart from similar groups 

of otho- parts (Fig. 205); and so far as possible the arrangement of details of 

related pieces should be such that r^erence may readily be made from one to 
the other. Figs. 180, 205. It is often desirable to show related pieces of a 
part afsembled. Figs. 181, 182. 

Ill drawing of machinery the special information required by the different 
workmen, as the pattern maker, the blacksmith, and the machinist, is often 
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detailed upon eepanite sheets for each. Likewise work required to be done on 
certain maehineSf etc., is often so grouped. 

94. Positkm of Object tatA Amuigemeiit of Views. 

(a) The object should be represoit^ in its natural position^ and, when it 

has a definite front, that part should be shown in the front or principal view. 
The position of a separate pieee, however, should be such as to show ht s( its 
form, with the fewest hnes and views, regardless of its positiou in the complete 
object. 

(b) In g^eral, a top, side, bottom, or rear view should be related to the 

front view, as indicated in Fig. 120. When for convenience or necessity they 
are not thus arranged, it is well to Iptter them: "Top View," "Side View," etc. 

Figs. 181, 192. Other views may be placed where most convenient, the 
port to which each refers being clearly indicated by its position or by marking. 
See Figs. 179, 182. 




I 

95. Selection and Number of Views, etc. Those views should be selected 
for drawing which most clearly and adequately describe the object and require 
the least time to execute. Views that do not add deamees or conv^ neoessaty * i 
information should be omitted. | 

Two or three views are ordinarily icriuired; others, however, are frequently 
necessary. In simple symmetrical objects dtic is often sufficient. Fig. 174(a). 

In addition to the external views the following are frequently necessary: — j 
SeeUonal views — to show interior construction. 

Dioffram*— to show the direction of motion of moving parts, relations of 

important centers, etr. 

Developmenls — to sliow true shapes for surface ])at terns, trmplet?, rtr. 

I&ometric, or oblique vtews—io show details of construction, etc., with a 
pictorial effect. 
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96. Center Lines. As a rule, symrnctrical objocts and parts should have 
their axes and centers indicated by means of center lines. See Art. 66(g). 
As the object is usually represented with its main axes || to the planes of the 
views, the main or principid C. Le, of a drawing are usually vert, and hor. lines 
passing through the centers of the oonrespondiag views of the main body of 
the object. Those C Ls. are commonly extended to connect the views. 

Secondary C. Ls. are hkewise usually ± to each otlier or to main C. Ls., 
but are ordinarily not extended. When the centers of a series of symmetrical 
parts are equidistant from a common center» a circular C. L. is med. The othw 
C. Ls. for these parts are usually radial lines from the center of the circular C. L. 
Figs. 182-18 i, 188, 189. 

yWwn a C. L. coincides with a line of the object, the latter should be shown. 
See Figs. 184, 220. 

A straight C. L. may be ngfoded as the ed{^ view of a center plane. 




97. Conventioiial Representations. Instead of true or complete projections 
it is oitm desirable, for deameaa or economy of labor, to make eonventicmal or 
approximate rcpresentiitions. Some of the more common methods used are 

referred to in the following : — 

Partial views, ns of one-half or other pnpgestive portion of an object, may 
often be used in place of complete views. Figs. 180, 182(a>, 184, 188(tt), 192-195, 
303-206. 

Lines or details clearly shown in one or two views may often be omitted 
in others, cf^pccially those of hidden parts. Figs. 184, 192, 193, 199. 

Of a series of ^iinilar parts, as holes, bolts, etc., of the same pize, it is usually 
necessary to draw but one or two and to indicate the locations of the otliers. 
A brief note often saves the drawing of many lines. Fig. 183. 

Screw and i»pe threads, bolts and sprinp, are usually represented conven- 
tionally, as in Clutpter XI. 
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Ellipses and other non-oirealar curves may often be approximated by arcs 

ofOs. Art. 18(b). 

Where an edge is rounded so that no definite line of intersection is seen, it 
is often better to show Bus as if ezisting. See curve a-b, Figs. 188, 208. 

In Fig. 184, instead of projecting the upper bolt firom the ciroular view, it 
is rcpres(>iited at its true distance from the center of the shaft, the same as the 
lower bolt ; thus avoiding confusion of the view and 
suggesting the symmetry of the piece. For similar' 
reasons the lower arm of the whed (Fig. 188) would 
be shown as in (b), the same as the vert, arm., |m*^»^ 
of foreshortened as in (c). See also grooves in Fig. 
172ia), and slots and ribs in Fip. 189. 

• Otlar cunventiuns are dcscriljod in Arts. 98 and99. Fig. 166 
98. Sectional Views. See Chaj). VI. 

(a) When a section does not lie in a main center plane, the place where the 
see. is taken diould be indicated, as in Figs. 179, 188(a), 192, 199. Parts lying 
beyond the see. need not be shown unless they add deamess or gtve addi- 
tional information. When lines of a removed portion are shown they may 
be indicated as conptniction lines. See top view, Figs. 179, 193, 199. 

Section Unes should have the same direction and spacing throughout all 
parts of a sec. of aiqr one laeee. Fig. 188(b). Different ineees in a see. are 
indicated by see. lining in opposite directions, at different Zs, or by difference 
in spacing. Figs. 184, 185, 192. Sec. lines must never cross figures, arrowlieads, 
or notes placed in a sec. See Fig. 184. 
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When a sec. is very narrow, it is sometimes fiUed-in black, and adjacent pieces 
separated by narrow spaces. Fig. 186(a). Very diort sec. lines may be drawn 

freehand. In large drawings, sees, are often indicated as in Fig. 186(b). 

(b) Material Conventions. DifTcrmt kinds of materials maj- be indicated 
by diflferent kinds of sec. lining. The conventions shown in Fig. 187 are com- 
monly employed, but there is no fixed standard of practice. Many draftsmen 
use plain sec. lining for aU materiab and indicate the kind by lettering. On 
drawings finished on paper the sees, are sometimes tinted with India ink or colors. 
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(c) Skt.f.ction of Sectional Views. A view may show a comjyletc section, 
that is, through the entire object; or a partial section. In objects symmetrical 
abottt an axis, half only on either side of the C. L. need be sectioned. Figs. 
18d(b), 102. When a partial sec. is not limited by a C. L. or some line of the 
objeet it is usually shown as in Figs. 199, 2l8(o). 

A view need not show all parts in sec. that lie within the sec. plane, tmless 
the drawing is rendered clearer, or additional information given. In general a 
sdid oylindiie part as a shaft, rod, bolt, screw, etc., intersected by a plane || 
to its axisy riiould be shovn in fuU; likewise a key, rib, tooth, wheel am, or 
turned handle. 




FiG. 166 SECTION , SECTION 

In Fig. 168(a) the plane A-A passes through the rim, vert, arm, hub, and 

handle of a wheel. Instead of making a true see. (c), as projected from the 
view (a), the draftsman would make the conventional spc. (h), in which the vert, 
arm and handle are shown in full. He would also represent the lower arm as 
in the same center plane a^s the vert. arm. If considered by itself, the true sec. 
would suggest a solid web between the .hub and rim, which would be misleading, 
while the conventional sec. shows the desired information at a glance. 

The conventional sec. of a rihhed \>'wvv is shown in Fig. 189(b). The method 
(c) is also used. Note location of slots in (b) and (c). 

It is frequently desirable to show two or more || sees, in the same sectional 
view. See Fig. 190. 

A sec. may sometimes be shown as revolved upon the part sectioned. See 
sec. on D-Df Fig. 188(a), also 185, 198. In such case the original view is drawn 
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It is generally better to "break" 



complete and the sec. in full or dashed linee. 
the vie\t and show the sec. in the space. 

Instead of making a separate sec. view, an invutible section may be indicated, 
M in Figs. 182, 206. 
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Fig. 189 

99. Broken Views. When only a portion of an ol)j('ct is riMiuircd to be 
shown and the portion is not limited by C. Ls., the views muy be broken, as 
indicated in Figs. 191, 179, 180, 181, 203, 204. The outline of the break is some- 
times omitted. Fig. lS8(a). 

The broken enda of eymmetrical pieoee may often be made to suggest the 
sectional shape. 
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100. Standard Sizes of Sheets and Scale of Drawings. 

(a) For convenience in handling, filing, etc., the drawings are usually made 
Upon sheets cut to standard sises, which are peculiar to each shop or office and 
depeodent largely upon the uses for whioli the drawings are intended. For 
aiflOB in common use, see Art. 4. 




riG.192 

(b) All drawings are made to a definite scale. Art. 11. The scale chosen 
must be such that all parts and dimeiunons will be shown eleariy. Details 
should be to full size, if practicable; small details to an enlarged scale, if nec- 
essary. It is desirable, however, that all drawings on a sheet be to the same 
scale. 
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Scales commonly used are full rise, and ^, |, |, and ^ riie. 

Tbeee are usually stated on the drawing thus: Scale: Full Sue. Scale: Half 
Swe. Scale: 3" = 1 ft. Scale: 1 ft., etc. 

(c) To determine the scale necessary to be used for a given size of sheet, 
find the ratio of the available space to the full riae dimenaiona, making due allow- 
ance for apaees between the views and from margina. Thua, auppoaing the 
drawing space horiaontally to be 13§" minus 2" for spaces, and the hor. di- 
men8ion820" phi*^ "^'"i th*> rr\tio wouM !)(« 11^ to 23^ and the nrnn'st convenient 




scale, considering the hor. dimensions and spaces only, would, tin rcfore, be half 
size or 0"^1 ft. To aid in such calculations, the layout sketch would be 

used. Art. 105(a). 

101. Dimensioning. AKhouuh the drawinp is made to a definite .-^taled 
scale, generally, liie accuracy ot the views themselves is not depended upon 
to indicate tiie siae of the object even when drawn full siae; all dimenaiona 
required by the workman must be shown upon the drawing in figures, or others 
wise definitely ppef ifu d. 

In order to f:i\e tlie essential dimensions and to omit those that would be 
unnecessary, mi8leuding, or impractical, the draftsman must consider the needs 
and convenience of the workman, and the aucceauve atepe and proceasea involved 
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Fig. 194 



in the conatruetion of each part. In addition to a knowledge of Aop rcquiie- 
mentfl, he must exereiae good judgment in deciding vheie to place the dimenmonfi, 
so that they can be easily found and applied. Thia article describee the methods- 

of dimensioning for commonly occurring cases. 

(a) Forms of Dimensions. To allow for the iise of a two-foot rule in 
working, ordinary dimenaons less than two feet are usually given in inches 
and halves, 4th, 8ths, etc.; thus, Others sie given in feet and inches; thu^ 

3''0", 2 2'4i^"; or thus, 2 ft. 0", 2 ft. 6". 2 ft. 0^". Some offices use inches 




Fig. 195 
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up to 36, others up to 72, and in some classes of work all dimensions are given 
in inches. When the greatest possible exactness is required, dimensions must 
be given in decimal form; thus, 0".M, 2^.442. When all dimendona are under- 
stood to be in inches, the sign (") may l^e omitted. limits of allowable variation 
in '^r/p are often indicated thus, {.If,}, which means that the measurement 
must not be greater than 1.500 nor less than 1.498. 




Fig. 196 



(h) Dimension Lines, Figures, and Arrowheads. The figures are placed 
upon dimension lines. These tines, with the exception of those for radial dimen- 
aiona and unlimited distances, have amneheadt at both ends. For forms and 
sizes of figures and arrowheads, see Figs. 73, 74. Arrowheads must touch the 
lines between which the dimension is given, and the figure must state the full size 
of the corresponding measurement of the object regardless of the scale of the 
drawing. Acceptable methods of placing figures and arrowheads are shown in 
Figs. 196, 197. 
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Figures should he {'hired that they can easily be nvid from lower and 
right sides of the druwmg. Avoid placiug a figure where it will interfere with 
others, or with other lines. 

It 18 not permissible to plaoe the figures for more than one dimenflion between 
the same arrowheads, nor upon otho* than dimension lines. 




(c) Locations of Dimensions. Dimension hum for linear measurements 
must always be X to the parallels between whiih the dimensions are givoi, and 

ordinarily nnt nearer than \" to objeet lines and other dimennon lines, C. La., 
etc. They should not cross each other or any line of the views, nor be drawn 
as continuations of otlier lines, if avoidable. In general, place dimensions 
outside of views, unless greater clearness and ease in reading will result by placing 
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Ih&m otherwiw. Dhnenrions may be extended beyond parte dimeiisioiied by 

means of extermon lines. Poiniert may also be used. Figs. 106(a), 201. 

Never dimension a distiince in a view in which it is foreshortenpd. Dimen- 
sion a detail preferably in a view in which it is visible. So far as practicable 
give related dimensions, as of the length, width, and location of a bole, in the 
same view. Dtmenaions clearly given in one view should not be repeated in 
another upon the same sheet. When parte are obviously alike, dimension one 
or two only. 

Distances should be given from lines which represent finished or trued 
surfaces, and from C. Le. Do not give distances from C. 1*8. when not necessary. 
Locate symmetrical parts, in general, by giving distaneee to thdr C. Ls. Figs. 
ItM, 197, 183, 184. In a series of such puts, give distances between centers. 
As a rule, give dimensions of successive distances in the same direction from 
the same surface or C. L. The final dimension of a series is sometimes omitted 
to indicate this surface or line more definitely. Give total or overall dimermons 
as wdl as all detaU or sttM^Mfwims, to that the wodkaHun wifl not be obliged 
to calculate. 

Place II dimension lines in the order of their length, the longest farthest 
from the part dimensioned, to avoid eroesing the dimension lines and caunng 

confusion. Fig:s. 180, 196, 198. 

(d) Angles and Tapers. Lines appearing to be hor., vert., or X to each 
other are assumed to be so unless otherwise dimensioned. An Z may be 
dimensioned by co-ordinate dimension lines, or by an are described from its 

verte.x as center. Fig. inG(c). See also 171(a). Common methods of dimen- 
sioning tapers are shown in Fig. lOOfff^. Short tapers are fsometimes dimensioned 
in degrees. Standard tapers are speciiied by number and kind; as, "No. 2 Morse 
Taper," ete. 

(e) CiBCi/Ks AND Arcs. In general, give the diam. dimension of a O Aod 
place the figure on an oblique diam., or extend the dimension to the most eon- 

venient location. Fip;. 197(a). Small ©.■? may be dimensioned a? in Fig. (b). 
Give tiie rad. of an arc with an arrowhead at the curve end only. When 
the space is too small for the figure, dimenioion as in (c). Radii i'* or less, 
of fillets and finish arcs, ordinarily need not be given. When the rad. is known 
or unimportant* indicate by Rad. or R. When holes or bolts are arranged in a 
O, give diam. or rad. of the circular C. L. When equal spacing is not evident, 
specify by note "Equally Spaced." If unequal, dimension as indicated in Fig. 

m(b). 

(f) Irrbovlab OB NoN-CiBCUi«AB CuBVBs. Thsso may usually be dimen- 
sioned by giving the lengths and positions of offsets X to appropriate base lines. 

Fig. 198, also 171(a). In most rases, however, it is more practical to omit such 
dimens^ions*. and to pro\'i*le tlu^ workman with one or more e.xaet patterns or 
templets of thin material against wiuch he can lay out the curves directly on 
the piece. 

*Fig. 198 is thus dimeosioned merely to illustrate the method. 
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fp) Rorxi), SguAHK, Kkxaoonal, and Octagonai, Pieces. When the cir- 
cular, square, etc., shape is not shown in any view, nor specified by not€ or title, 
indicate by Dia. or D., Sq., Hex., or Oct., aStet the diameter dtmenaion. Figs. 
174(a), 199. 

(h) Standard Measurements. 

Screws, pipr s, bolts, and springs: give dimensions as in Chap. XI. 
Tubing: give outside diam. and thickness by gage, or in thousandths of 
an inch. 

Wire: givo diain. !>y gage, or in thousandths of an inch. 

ShtM't Metal; give thicknesf? l)y pngp, or in thousniidlhs of iin inch. 

(ii \-shMBLY Drawings. The dimensions refiuired dtpend largely upon 
the kind of object and the purpose of the drawing, in machine assemblies 
usually only the important overall dimenaions and locationB of principal C. La. 
are neceesary. 



102. Lettering. 

(a) Explanatory Notes, etc. specifications and directions concerning the 
kind of material to be uaed, the name and number wanted of each piece, kind 
of finish to be given, kind of fit required, and any other neceesary information 

not sliown by the drawing or stated in a title or bill f>f material, must be expressed 
in brief, concise notes letten^H upon the .=;heef. S<e Art. 25. Notes should 
preferably be located outside of the views and to read horizontally, or vertically 
from the bottom. The part noted may be indicated by a pdnter. Fig. 188. 

Fimdud Surfaeea. When a aurfaoe of a casting or forging is to be machined 
or finished by filing, turning, milling, grinding, etc., an allowance must he made 
on the ftiece ff)r this finish. Ordinary finish is generally indicated by a letter f, 
placed on the surface in all views which show the surface as a line. Fig. 196, also 



Fig 198 
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189 (a^ (b). The f's ghould he placed to read horizontally as shown. When the 
piece is to be finished aii over the i's are omitted, and the note "Finish all over" 
or "F. A. O." placed near the principal view. The limits of a finialied portion 
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Fio. 199 



may be indieated as in Fig. 196(a), or by a note. It is often necessary to specify 

the kind of finish; as "Polished," "Ground," "Milled,'' <<Reamed," etc. In this 

case the f's are also usually omitted. 

When a portion of an unfinished surface is to be machined to form a bearing 
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Fig. 200 
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for a b<dt-head, nut, stud-«houlder, etc., it may be specified 

thus, "Spot Facp," or "Countorbore to Surface," according as an 
allowance is, or is not, to be jirovided for this finish. 

Knurled surfaces are indicated by the word ''Knurl," or as 
in Fig. 900. The varying spaces and i£8<rf the lines are esti* 
mated by eye. 

Circular Ilnhs. "Cored," "Drilled," "Countersunk," etc., 
holes should be specified in one view, or the other, as in Fig. 201; "Tapped" holes 
us in Fig. 218. 

Kind of Fii. When one metal piece is to be fitted into another, the fit is 

specified as "Running, "Drive," "Force," 
or "Shrink" Fit; or by indicating; the 
limits of variation in the sizes of the parts. 
See Art. 101 va). 

Treatment <tf M^. Special treatment 
is specified, as "Tempered." "Hardened," 
"Case Hardened," "Blued," etc. 

Standard ParLs. Parts such as screws, 
bolts, keys, etc., which conform in design 
and dimenrion to leoognised commercial 
standai ls are usually omitted from the 
detail drawings and specified by note, or 
listed in a bill of material. Art. (d). 

(b) Idbntiftino Mabks. It is cus- 
tomary to pve each piece of a machine 
a distinguishing number or letter undw 
which it is listed and referred to. A cor- 
responding mark is placed on the drawing 
of the piece and is often accompanied by 
its name. Figs. 202-206, 210-213. 

(c) Titles. For convenience in filing, 
etc., the title of the drawdng is generally 
placed in the lower right corner. Figs. 
17M80, 202-206. The title should des- 
ignate: — 

1. The name of the object, part, or 
particular detail shown, or all three. 

2. The scale, if uniform. 

3. The date of oon^letion of the 
drawing. 

4. The draftsman's signature. 
If a sinple detail only is shown, the 

number required and material are gener- 
ally stated. Some or all of the following 
infcwmation is also generally included: 
The type of drawing,— as assembly, detail, 
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shop, etc.; the ognatures of the traoer sod persons by whom the drawing is 
checked and approved; the firm for whom the drawing is made; references to 

other drawings, etc. 

Sub-iitles. Ou a sheet of details each piece may have a title, consisting of 
its name and identifying mark; the scale, if not stated in the main title; number 
required if more than one; material; pattern number, if a casting; and finish, 
if to be an over. If a bill of materUd is given, the identifying mark and the 
scale only are necessary. 

Planning a Titk. First write the title upon a separate paper. Having 
decided upon the statements to be included, and the size and style of lettering, 
proceed to draw the vert. C. L. of the title space and the guide lines for Uie 
heights. Next, upon another paper and adjacent to its upper edge, compose 
and sketch tho, first line of IcKerinjz; to tlio size to bn used upon the drawing. 
Then, placing this sketch against the proper guide line, with the middle point 
of the line of letters at the C. L., point off the widths of the^ letters and draw 
eadi carefully. Proceed in like j(|Qanner with other lines of lettering. 

(d) Filing Imdsx and Bill or Material. A filing index giving the num- 
ber or other designatinp^ mark of the marliine and the sheet number is u!?ually 
placed in the lower right corner or included in the main title. It is often shown 
in an upper eonm also. Figs. 202-206, 210-213. 

In a set of drawings, the assembly may be indexed as sheet 1, and may include 
a list of the other drawings with their numbers. The sheet number of each 
detail may be given near its identifying mark; thus, (3-5): the 3 indicating the 
mark, and the 5 the sheet no. contuiuiag the detail. 

A sheet of details is usually accompanied by a 6tB <|f material placed above 
or at the Irft of the main title, accounting for each piece and giving its mark, 
name, material, no. wanted, and other necessary description and information. 
For material to be cut to size, the rnui^h stoek dimensions nhould be spccihed. 

When the number of parts is large or more than one sheet of details is neces- 
sary, a separate bill grouping the forgings, castings, etc., and ^ving the sheet 
no. of each part, may be made. Fig. 213. . 

fe) Abbreviations. The following are some of those in common use: — 
H. H. Right-hand S. Steel n. H, S. Open Hearth Steel 

L. H. Left-hand M. S. Machine Steel C'. H. S. Case Hardened Steel 
C. I. Cast Iron T. S. Tool Steel S. C. Steel Casting 

W. I. Wrought Iron C. R. S. Cold Rolled Steel Bs. Bronse 

103. Shadow Lining and Line blading. Arts. 23, 24. Shadow lines and line 
shading are used when the advantage gained in deamess and effect is sufficient 

to warrant the expenditure of the time necessary to apply them, otherwise they 
are omitted. They arc of sperial value on drawings of complicated objects 
shown by few views or whose corresponding views are upon different sheets, 
as in some assembly drawings. They are rarely used on ordinary detail or 
shop drawings. 

104. Sketching. To the designer, draftsman, or mechanic, skill in making 
freehand sketches for the rapid expression of ideas of exact form and structure^ 
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and as an aid in the solution of constructive prolilcms, is of preat importance. 
To the student, careful sketching is fully as valuable, as a means of acquiring 
ability to make and to read working drawings, as instrumental drawing. 

(a) la making working sketcliee from objects the following ordor should be 
observed: — 

1. Spparatc the parts, if nrcpspary, and sketch the views of each in detail. 
Begin with the main C. Ls. and principal surfaces, blocking in first the larger 
details of the piece and proceeding in like manner down to the minor details. 
See Fig. 200 (a), (b), (c). 

Distances and directions aro generally determined by eye. Co-ordinate 
paper, ruled in i" or i" squares, is often used and affords a more ready and 
accurate means of obtaining the desired proportions« etc. For use of pencil 
see Art. 9(b). 

The numbw and character of the views ^ould be such as to express sJl 

required facts clearly. Leave nothing to memory. Make the sketches large 
enojipjh to prevent crowding the notes and figures. The sketches should be 
intelligible to any one familiar with working drawings, and should enable the 
scale drawings to be readily made from them without having to resort to the 
object. Isometric or oblique views may citea be used to advantage. 

2. Indicate the finished surfaoes and put on the necessary extension lines, . 
dimension lines, and arrowheads. 

3. Obtain the dimensions by careful measurement of the object and put 
on the explanatory notes. 

Each piece should be dimensioned independently of the others. 

(b) Measuring Objects. In taking moasurenirnts, a foot, or a two-foot 
rule may be used for ordinary work and strcl rules, gages, etc., for tine work. 
Obtam distances from trued or finished surfaces whenever possible. In obtain- 
ing inside and outside diams., calipers may be used. 

In an object of varjdng diams. (Fig. 174(a)), measure the diams. at a suflELdent 
ntiml)cr of pts. and locate these diams. by measureTTicnts |] to the axes. In 
meu.suring an irregular form, a.s the tal)le leg (I'ig. 198), it is necessary to es- 
tablish a base line, as A-B, by means of a triangle or a carpenter's square, 
and to determine the lengths of JL offsets to it with a foot rule 

In locating a eircuhir hole, measure to edge of hole and add half its diam. 

In ordinary finished surfaces, take the nearest 32d; in rough work, the 
nearest 16th; in finely finished objects and parts, absolute exactness is necessary'. 

lOS. Making Scale Drawings. 

(a) Having completed the sketehes. deride ny^ Mi the number and arrange- 
ment of the views to be shown in the drawing, and tlie necessary scale. To 
aid in determining the scale and the locations of the chosen views upon the 
sheet, a rough layoiU «ketdi indicating the general outlines, main C. Ls., and 
marguis, should 1)e made. Thus, from the layout (Fig. 207) for the bearing 
shown in Fig. 208, it will be seen that the minimum space required horizontally, 
not including spaces between views and from margins, will be 2a + 2b. Simi- 
larly, that required vertically will be e+d + 2b. From these two sets of 
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dimeosions, with due allowauco for spaces and tilie, the scale maybe determined, 
as in Art. 100(o). Having dedded this, the dimensions A, B, C, and D for 
the locations of the C. Ls.* sliould Ik c stinuited, proper allowance being made 

where necessary to proprrvc a •vv(>ll-l);ilam'c(l sheet. 

The same general dirertinns should lie observed in all drawings, as lack of 
provisiona tor the necessary views, etc., may lead to errors impossible to rectify 
without re-drawing the entire sheet. 

(b) Having completed the layout, the scale drawing (Fig. 208) may be begun. 
Four stages in penciliufi :\vv intlicated in Fic;. 200. For fr»'neral workinir instruc- 
tions, see Art. 3. In drawing from objects, the detail drawings are first made 
and the general drawing built up, piece by piece, from them. In designing 
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four stages in penciling 
Fig 209 

or planning objects to be built, the general drawing is usually first begun and 
the detail drawings worked out from it. In some cases it is necessary to carry 
along both detail and general drawings at the same time. 

106. Txmcing and Blue-printing. 

(a) Instead of inking the pencil drawmg, tne finished drawing^ is usually 
obtained by tracing in ink upon tracing linen or paper fastened over the original. 
This tracinii is then filrtl a.s the permanent record of the construction and used 

for makitiK bltte-printu or other coi)ics for shop and geiieial use. 

The original is sometimes penciled directly upon the tracing material. 
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The dull i^'ula of (racing linen takes the ink better, but erasures can be made 
more readily upon the glazed side. Either will take the ink more readily if 
nibbed with a cloth and chalk powder. Penciling should be done on the dull 
aide. Cany but Jittle ink in the pen, and make the lines Bomewbat wider than 
ordinary as the lines print finer than those of the tracing. 

As the linen contracts and expands unevenly, tracings that cannot be eoin-> 
pleted the same day should be inked by sections. 

Make ink erasures with hard eraser, rubbing gently to avoid injury to the 
surface. Restore the smoothness by rubbing with soapstone or a snu>oth piece 
of bone. Pencil lines may be erased witii soft eraser. 

(b) Blue-prints are uf?ually taken in a printing frame having a glass front 
and removable backboard. The tracing, or original drawing if on translucent 
material, is placed with the drawing side next to the glass and its under side 
in contact with the chemical coated surface of blue-print paper. The graced 
aide of the frame is then exposed to direct sunlight, which, penetrating the part 
of the tracing material not covered by the ink lines, causes the chetnical not 
thus protected to change color and to adhere permanently to the paper, while 
that under the lines remains undianged. After suitable exposure the paper is 
removed from the frame and soaked in water, which diasolves the unfiieed 
chwaai c al, leaving white lines on a bhte ground. 

107. Oiecking Drawings. It is customary not to ])ermit a drawing to be 

worked from until it has been ciiecked by a careful, systematic examination, 
and approved by the head draftsman. In checking, it is well to assume everj'- 
thing to be incorrect until proved to the contrary. The following order may 
be observed: — 

See that each piece has been represented and that its views are properly related. 
Chock views of each piece for correct and adequate description of form and 

construction. 

Note if C. Ls. and all necessary dimensions and notes are given. 
Scale every dimension, and verify overall dunensions by computation. 

Compare the figures on all parts that are to fit together. 

Check measurements in details and aBsembly and note if they a^ree. 
i'iuaily, see that all items required to be recorded in the title and bill of 
material are complete and correct. 

108- Reading Drawings. Ability to read working drawings rapidly and 
intelligently is quite as important as akill in making them. This ability can 

be acquired through the study of such drawings and comparison with the objects 
represented; through the execution of drawinjis frctm objects; through the 
making: of met hanical pii toria.1 drawings and developments, from good examples; 
and by makmg the objects, that is, working from drawings. 

In reading a drawing, first fix in mind the genorad ahape of the main body 
of the object, observing if the outline shows it to be rectangular, cylindriCi etc., 
or a modification of such forms. Then observe modifications of the general 
shape, {>roeeeding from the more important details down to the minor details. 

Note carefully the conventional methods employed in the representaticm i 
and complete mentally the graphic statement of what is required. 

j 

i 
I 



Digitized by GoogIC 



I 



WORKING DRAWINGS 



121 



Endeavor to visualize the object; to see in each view, not mere lines, 
but the object itself as if standing out of the paper. Regard the front view 
as the object directly in fnmt of you; in looking at the fop view imagine your- 
self looking down upon the object; in looking at the side .view imagine yourself 
as viewing the object in a direction at right Zs to the front, and so on. 

Finally, note the dimensions, and specifications as to materials, finish, etc. 
All information as to sizes should be obtained from the figured dimensions and 
specifications; rarely by measuring the drawing itself. 

It is evident that full knowledge of the form, size, and relation of the lines 
and surfaces of each part of the object represented can be secured only through 
the information shown in aU the views taken together. 
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109. Helices. If a pt., A (Fig. 214) be imagined to move along the generating 
line, A-12, of a eurfaee of revolution, while the line itself revolves about the axis, 

the pt. will generate a line of double curvature called a helix. 

The distance that the pt. advances, measured || to the axis, during one 
revolution of the line, is called the pitch of the helix. 

If the .rate of motion of the pt. and generating line of a cylindrio helix be 
uniform, that is, if the pt. advances }i or other fractional part of the pitch 
distance during the same fractional part of a turn, the helix is umf&rm or 
equable; if otherwise, it is variable. 

Again the curve is a rigfU-hand or left-hand hdix, according as the generating 
pt. rises to the right or to the left in the front half of a turn when the axis u vert. 

The helix hsA many applications in mechanical and architectural design, 
notably in scrow threads, some forms of sprin??, ■winding slaii' rails, etc. 

(a) To l)i;a\v a ititiiiT-HAND EQUABLE CYLINDHH HELIX. Fig. 214. Assumc 
and represent equidistant positions of the genera tmg element, as 1, 2, 3, etc. 
Divide the pitch distance, as A-A**, into the same number of equal parts and 
draw hors. through the pts. of division to cut the elements at A', A*, A', etc. 
Assumiiijj; A fo lie tlic generating pt., A\ A^, A', etc., will be twelve pts. of the 
desired curve, for evidently when the general itii:; ele- 
ment has made tt of a revolution the advancing pt. 
A win have moved iV of the pitch distance and wiO, 
therefwe, be in the element 1 at A^. When the element 
has moved \ a revolution the pt. A will liavp moved 
\ ot t)u> pitch distance and will be in the element 6 
at A'', and so on. 

As the curvature is more abrupt at the outer 
elements, additional pts. should be determined by 
sub-division as shown. Havinjj fixed the pts. with 
the needle, trace the helix through them freehand. 

Fig. 214 





OEVElOmeNT OP HCLIX 



CYLINORljC HUM 



Digitized by Google 



HELICAL CURVES, THUI:ADED PARTS, AND SI'ULNGS 



123 



Points for other (urns of the curve may be located by stepping off the pitch 
distance upuu the elements, from the pta. of the first turn. The manner of 
obtaitung parallel or double helices is evident; also the method of drawing 
conic or other'hdicee. 

(b) In ruling and inking the helix observe directions given in Art. 18(a). 
When several cylindric helices of the same pitch are to be drawn, a templet 
of a half turn, as A-A*, may be made. 

(c) The development of a cylinilric helix of one turn is the hypotenuse of 
a right A whoee base is equal to the drcumference and whose altitude equals 
the pitch, as shown. 

(d) Any de.<ii (n] motion of a pt. may be plotted in a development of a cylinder 
and then projected back tn the view, as for example in designing a cam for 
converting circular into reciprocating motion. 

110. Screw Threads. If a cylindric l>;ir be revolved at a uniform velocity 
upon its axis, in a lathe, and the point of a \-shaprfl cutting tool be pressed 
Against its surface and moved at a uniform rate iiarallel to the axis, the tool 
will cut a heUcai groove, V-shaped in section, li this groove be cut so that 
a similar projecting portion is l^t upon the bar, a V screw Ihread will be formed. 
Fig. 215(a}. 

Sirailazly, if a sqitere groove be cut and a square projecting portion left uiK>n 

the bar, a square screen thread will be formed. Fiii. 2]r>(c). 

Fig. (b) illustrates a sec. of a V-threaded and Fig. (d) of a square-threaded 
hole. Observe that the helical lines of the tlueads correspond to the invisible 
lines of the screws. 

The y thread is commonly used on eerews for fastening purposes; the square 

thread generally on screws for transmitting motion in the direction of the axis. 

AU other threads are modifications of the V and square forms. 

A screw thread is right- or left-hand aecording as its helicef? are right- or left- 
hand. Thus a right-hand screw would turn around to the right (.clockwise) 
in advancing or entering the part into which it is inserted. 

The diameter of the top of the thread is called the nonnndl diamtier of the 
screw. The diam. of the bottom of the thread is the root diameter. The distance 
from the root to the top of the thread measured ± to the axis is the depth of 
the thread, i he distance lietween the centers of adjacent threads measured 
II to the axils is called the pitch of the thread. The. term "pitch" is often used 
to designate the no. of threads per inch; thus "14 pitch" means 14 threads to 
the inch. The distance that the screw would advance in one turn is called the 
lead of the ^crew. In a single thread screw the lead equals the pitch; in a double 
or triple thread it is two or three times the )Mtch." 

fa) Mrt-TiPLE Threads, .Screws are ficnerally right-hand and siti^ch' thread 
as shown in Fig. 215 (a), (c). If the pitch of a screw having the diam. and thread 
sec. shown in Fig. (c) be made say two or three 'times as great, the ihcrease in 
the depth would obviously be such as to weaken the screw at the root. There* 
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fore, in designing a BCrew of which the lead shall be two or three times the pitch, 
insf pad of cutting a Hintrlp thread, a perond or third independent parallel thread 
would be cut. Such would be a douhh, or triple thread screw. 

Fig. (e) represents a right-hand double square thread of the same diam. and 
pitch as the sin^e thread of Fig. (e). 

Observe that in a mngle thread screw, the top on one side is diametrically 
opposite the bottom on the other, while in a douUe thread the tops are opposite. 

Cb) To DRAW A SCREW THREAD. The diam., pitch, and thread sec. being 
given, as in Fig. 215(a); first obtain the clovation and an end view, or half of 
revolved base of a cylinder whose diam. equals the nominal diam. of tiie screw. 
Lay off the pitch A-C and draw the sec. ADC. Then beginning at A, draw 
the helix A-B-0» etc., for the top of the thread by Art. 110(a). To obtain 
the root helix, draw a semicircle in the basc^ view concentric with the first, 
obtaining the rad. by projecting from D. Then beginning at D and usinjj: the 
same pitch, proceed as with the outer helix. Observe that the outlines of the 
thread come outside of the V seb. and are tangent to the heUees. When the 
pitch is small, they practically coincide with the sec. outline. 

(o) Standard Proportions. In the preceding figures, the threads were 

rcprp?cnted with lar^c pitch in order to show the construction more clearly. 
The proportions of the threads most commonly used and the formula for obtain- 
ing them are given in fig. 216. In this country the Z of the V thread is usually 
00*, but for general work the tops and bottoms are flattened as shown in Fig. (a). 

The following table gives the U. 8. St'd no. of threads per Inch, for diams. 
from i" to 4i". 
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On square threads the no. of threads per inch is commonly | of the U. S. 
St'd. In drawing, tlie dcpt h is made 

The Acme /Standard or ^9° thread is used for the same general purpose as 
the square thread. Threads per inch are likewise usually the same. In drawing, 
the ani^ Is made 30*. 

In the WhUworth or British Standard, threads per inch are, with a few excep> 
tkms, the same as U. S. SVd. See liandbooks. 
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(d) Conventional Representation of Threads. The true drawing of 
the thread curves involves cousideruble labor and in small screws would be 
impoesible. In large threads it Is customary to substitute st. lines for the hdices, 
as in Fig. 217. In invisible threads they are often omitted altogct lu r. 

V threads less than one inch diam. are usually roprrsented as in Fig. 218 (a), 
(b), ((•), (d). The methods fe), (f), (g), (h) arc uIho used. The ppaeing is 
estimated by eye, witliout regard to the actual no. of threads per incli, but in 
methods (a), (b), (c), (d) the pontions of the lines should indicate whether 
the screw is right- or left-hand. The thread of a long piece may be shown as 
in (i). 
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Small square threads are usually represented as in (j). The exact no. 
of threads per inch is shown unless the scale is very small. 

A threaded hole is generally represented in the eircular view as in (k), 
to distin^ui.sh it from a drilled hole; a drilled and threaded hole, as in 

Tlie diam. of the outer O in each is equal to that of the bolt or screw; that 
of the smaller about equal to that of the root. Any of the methods of Fig. 218 
may be used for the other views. On crowded drawings it is often best to use 
methods (d), (f), (h), or (m). It is better to omit the drawing of the threads 
Ix yond the screw end (see (n) ), unless method (m) is used. The point made • 
by the drill is usually shown. 

Figs, (o) and (p) show methods of representing small pieces in sec. when 
Y-threaded inside and outside. 

(e) DmaNsiONiNO. Give the outside diam.; the no. of threads per inch, 
thus: lOTh, lOThds., ITP., 10, or X: and the length of the threaded portion, 
from the end when chamfered, and from (he curve when rounded. If the thread 
is other than right-hand and single, specify as indicated in Figs, (b), (c). 
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In a threaded hole, give the depth, the diam. of the piece to be screwed into 
it, and no. of threads per inch. Indicate diam. and no. of threads of a tapped 
hole, a.s in Figs, (k), (11. 

All parts shown V-threaded are generally understood to be U. S. St'd, unless 
otherwise specified; likewise when the no. of thds. is not given. 

ILL Pipe Threads. The threaded ends and holes of pipes and pipe fittings 
are tapered so that the parts may be screwed together more tightly and thus 
prevent leakage. The standard taper is J" per foot. The thread Z is 60°, 
and the tops and bottoms are slightly rounded or flattened. The thread is 
usually represented by the conventional methods used for V screw threads. 
See Fig. 218 (q), (r). 

The taper is commonly drawn slightly greater than the actual, to show at 
a glance that the threads are pipe threads. The sizes of pipes are stated by ! 
giving their nominal inside diaras., which are somewhat less than the actual [ 
inside diams., as noted in the table. Pipe tapped holes are indicated by size of i 
pipe tap required. ! 
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LLZ. Bolts. The heads and nuts of machine bolts in common use are made 
hexagonal, or square, as in Fig. 219. 

The hexagonal form is more generally used in machine construction, the 
square in heavy work. For ordinary work, the head and nut are chamfered 
or beveled at the outer end. For finished machinery they are usually rounded. 

(a) Standard Proportions. Proportions of the U. S. St'd rough bolt- 
heads and nuts are given in the figure. They are generally used for the square 
also. There is no standard for the rad. R, nor for the bevel of the chamfers, 
but they are usually shown as in the figure. 

(b) Conventional Representations of Hexagon Heads and Nuts. In 
the rounded head and nut, the curves of intersection of the sides and end are 
circular. In the view across corners, therefore, the curve c-d is concentric with 
a-b, while those of the oblique sides would be elliptic. Art. 77(a). The latter, 
however, are always described as circular. 

Note that the outer curve in the nut begins at the hole instead of at the C. L. 
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In the chamfered head and nut the curves of intcrsoi tion of the sides and 
end, though in reality hyperboHc (Art. 77(c)), are Hkewise always described as 
circular. The outer line of the chamfer is often described by arcs concentric 
with a-b, as shown. 




(c) To DRAW THE VIEW ACROSS CORNBRB OF THE ROUNDED HEXAOON 

HEAD AND NUT. Upon ail indefinite line 4-5 set off 1-2 equal to ^ F. Draw 
the X 2-3 and the 30° line from 1. Then 2-3 will represent half of a revolved 




Fig. 220 
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sid« of the hexagon and 1-3 half of its long diun. Now set off 1-4 and 1-5 equal 

to 1-3, and 1-6 and 1-7 equal to 2-3, and draw 4-a, 5-b, 6-c, and 7-d. Next 
set ulV H and draw arc a-b dcterniininp; the lenp;th of the ±s. Finally, draw 
arcs c-d, a-c, aud d-b. in small drawings the long diam. may be made equal 
to 2 D. The method ot drawing the nut is evident. 

* (d) To DRAW THB Ttanr across flaib or thx roumdbd hbzaoon H«A]> 
AND NUT. Sot off 7-8 equal to F, and draw 7-e and 8-f. Next set off H and 
draw arc e-f determining pts. e and f. Then determine pts. d, b, and ^i;, as in 
Art. (c), and describe arcs d-b and b-g. The method of drawing the nut is 
evident. 

MACHINE SCREWS 
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(e) To DRAW THB OHAMFBRBD HBAD AND NUT ACROSS 

C0RNBR8 OK Acuoss flats. The method for each is 
evident from Arts, (c) and (d). 

(f) Square Heads and Nuts. The method of 

drawing the square head and nut is, in genera], the same as for the hexagon. 

(g) When drawn in connection with the parte held together, both heads and 
nuts should, as a rule, be represented across corners to show that proper allow- 
ance has been made for clearance; otherwise they should be shown across flats, 
as they are thuis simpler to draw aud to figure. 

(h) Fig. 219 also ttlustrates a st'd hexagon bolt with check nut and washer. 
Both nuts are often made equal in thickness, f D. 

fi) Dimensioning. In a st'd bolt give the diam.; length of bolt from the 
under side of the head to extreme end, unless the end is rounded; and the length 
of the threaded portion. 

In a special bolt give also the distance aeroes flats, the thickness .of head and nut 
and the no. of thds. per inch. 

113. Screws. Ftg. 220 represents a tap wrew or tap boU; a etudboU or stud, 
and hexagon and square head cap screws. 

A tn)> screw is similar .to a st'd bolt without the nut; the end bdng screwed 
into a tapped hole. 
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A stud is used whore frequent removal is not desirable, as in cylinder heads. 
One end is screwed permanently into a tapped bole and a st'd nut used on the 
other. A cap screw is a type of tap screw used where adjustment is neoeasary. 
as on bearing caps, etc. 

Fig. 221 represents set screws which are used tO prevent the motimi of one 
piece by forcing the point against a second. 

The form of point used is dependent upon the resistance desired. 

Fig. 222 represents four types of machine nrewt which are from .06" to 
.45" in diam. and designated by gage number. Slots are drawn at 45* in end 
views for contrast with other lines. Tables of proportions of these and other 
forms of screws and bolts may be found in catalogs and engineers' hand- 
books. Fig. 223 represents wood »crew9. 
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114. Springs. Fi^. 224 shows conventional representations of A«iwaj «prin{^«. 
In small sees, the hehcal lines are often onutted. 

In dimensioning, give outside diam., gage of wirOf and coils per inch when 
extended. 
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